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ABSTR/\CT 
Six di ffr, rent types of antigens v1e re prepa r ~d from Candid~ 
albi cans viz. who le ce ll homogenate (CAD-G), partially purif ied 
soluble mannan (M ), particulate ma nnan adsorbed onto latex particl es 
(M+L) , purified cytoplasmic protein (PP), culture filtr a te (CF) 
and killed 1·1hole ce ll s (I.JC) . The stimulatory effects of these 
antigen s were tested on peripheral blood lymphocytes of 20 normal 
human subj QC ts by in vitro l ymphocyte tra nsformation tests. The 
orde r of stimulatio n capacit i es was 
CF > CAD-6 > WC ) M+L ) PP > M. Thus the crude antigens 1~e1·e 
found to be s uperior to purified a nd soluble preparations in 
promoting lyrnp hocyte transformation. 
The L □ 50 of test strain of C. albicans (NCPF 3153) to "TO" 
strain mic e was estimated and calculated to be 1.52 x 106 
blastospcres. Seven groups of mice were immunized with the same 
antigens and challenged subsequently with a lethal dose of 4 x 106 
live orga ni sms . Live cells of C. albicans were also used to immunize 
mice before challenge. The agglutinin titres of the immunized 
animals ranged from 1:4 to 1:64. The group immunized v1ith killed 
whole cells of Candid a had highes t agg lutinin titres. The precipitin 
reactions were d1 recte d principally toward CA0-6 and puri, ied 
cytoplasmic protei n an tigens. Differe nt antige ns confer red differe nt 
degrees of protect i on in the following order; 
CA0-6 ) ~1+ L ) CF ) PP ) WC(A) = M) WC(K) 
Heat killed vaccine (WC(K)) did not confe r any measurable protec-
tion. Surviv ing ,mima ls sh owecf agg lutinin titres whkh range d from 
1:4 to l:Hi ,1nd preci pit in s which we re directed primarily against 
CA0-6 an d PP anti~ens. None of the groups sho,ied any anti-mannan 
prec ipi ti ns . 
Mi ce immunized wit.h heat-killed ,,hole cells of C. albicans 
and coo1tro l a ni ma ls showe d the same responses to thigh muscle 
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chall en1w 11ith 5 x 10" live org a nisms. An abscess was formed 
which r eio l ved sµ ontaneousl y after 4 weeks with a cellular reac-
tion mos tly of polymorphon uc l ear cells. Candida was present 
mostly in the rnycelial phase . Repea ted thigh muscle challenge 
with li ve organisms produced local resistance manifested by 
accel~rated sequestrat ion of abscesses and the appearance of 
Candida mostly in yeast phase. 
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INTRODUCTION 
Candida albicans i s a eukaryotic yeast-like fungus ~1hich may 
gro~1 in tile form of oval budding yeas t cells (bl as tospores) measur-
in g 2.5-8.0 ; 1m in diameter , or as elongated cells joined end to 
end ( p5cudohyphac ). Fil ilmentcJtion is often evident when the yeast 
i s grovm under r educed oxygen tension. At tempera tu res between 
20-31PC and in nutritionally def icient media, thick-walled resting 
cells (chl amydospores) 7- 17 JJm in diamete r may be formed. A 
distinct type of fi l ame ntation where sinuous elongated "germ tubes" 
are pro duced as ou tgrowth s from budding cells is seen within 1-3 hr 
of incubation in mamma li a n serum at 37°c. This morphological 
conversion (dimorphism) is very distinctive and constitutes the 
basis of the germ tube ide ntifi ca tion test described by Taschdjian 
et .!.!_ . (1960) and Mackenzie (1962). 
Dimorphism ca n be induced ~ vitro as \~ell as in the tissues 
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of the host. The fungus occurs mainly in the fa rm of budding yeas ts 
as part of the normal flora. The transition from a saprophytic to 
an invasive s tate is often accompanied by a change from yeast to 
myceli al mc,rphology. Simonetti and Strip~ li (1973) reported that 
the yeast phase of C. albicans had a significantly higher pathoge n-
icity than the mycelial form after intraperitoneal and intravenous 
injection in mice. llowever th e myce li a l form seemed to play an 
important rol e in the sprea~ing of infect ion. 
The dimorphi sm exhibited by C. albicans is not comparable to 
that see n with Hi stop l asma capsu l at um, Coccidioides immitis and 
other cdusdti ve a9e nts of deep-seated mycOS4"S, in the sense that 
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both y cus t a nd fi 1 amen to us fo rms are us u a 1 ly pres ent in i nfocted 
ti ssues . /\ i tho ugh i r1 vas ion of tissue may be by cells wrich are 
predomin,,;it ly filame nto us, it is erroneous to equate myce lial and 
bl asto spor ic phases with in vasive and saprophytic states respecti vely. 
Prin cipa l fa c tors regul a ting the proliferation of this fu ngus 
in ma n' s body a r e glu cos e concentrati on, pH, availability of 
molecul ar iron a nd presence of other microorganisms in th e norm a l 
flora. C. a lbi ca ns i s to lera nt of acid conditions and favours a 
high con cent ra tion of glucose. It grows poorly in seru~ with uns ~t-
urate d s ide r oph ilin (Ca roline~ ~- ·• 1964). Saturation of sidero-
philin with iron promotes growth of the fungus. 
C. albicans has an affinity for the mucous membrane and the 
areas most frequently co loni ze d are those surrounding body openings 
such as the oral cav ity or vagina and the intestinal tract. The 
organis m thrives on warm, moist surfaces. Man becomes colonized with 
Candida early in life and it becomes established within a few days of 
birth as a member of his normal flora. According to Winner (1969) 
l . of newborn infants ha ve Candida in their mouths, and by the end 
of the fi rs t y ea r of life al mos t al l childre n have been exposed to 
this org anis m. Ma rples ( 1966) stated that the yeast is present 
in th e mouth of 40% of human adult s ubjects. Somerville (19;-4) 
found that vaginal car riage in pregnant women in a maternity 
hospital was 40% with a large decrea s e in the incidence po s tna ta lly 
to 9 . 6%. According to Morton and Ras hid (1977) the frequency of 
i solation from any site will vary with c li mate, di e t, age and health 
of the ho s t a s well as the diagnostic methods emp loyed and the 
frequenr.y of their use. He r e ported that positive findings in mouth 
and rec tum varied be t ween 6- 54X and 17-75% respective ly. Occurre nc e 
of yeas ts on healthy sk in increased with age from 2% in adolescents 
to 27~ in adults ove r 60 years. Somerville (1972) found that 
acqu i s ition rate of C. a lbicans in a hospital for patients with 
skin dis eases incr0 ased with age, being 28 and 37% respectively in 
the 9r•J~1p s be lO\~ an d above 40 years of age. 
Natural def2nce me chanisms of the host and their intactness 
arc of critica l importance in r estricting the numbers of Candida 
cells and ma intainfng a state of cor.irnensalism. Lehrer and Cline 
( 1969a) demonstrated that normal neutrophi ls and to a lesser extent 
eosinoph i Is and monocytes have candidacic1al activity. The major 
partici pants in Cand ida killing were found to be the lysosornal 
enzyme myeloperoxidase and its oxidant substrate hydrogen peroxide. 
Leukocytes of a patient with hered itary myeloperoxi dase deficiency 
phagocytize d C. a lbi cans normally but failed to kill them. Yamamura 
and Valdi marrson (1 977 ) reported that ~lbicans opsonized by 
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C3 defici ent se rum was ingested, but not killed_:!!! vitro by poly-
mo r phonuc l ea r leukocyte s . Killing could be induced by adding purified 
C3 to the deficien t ser um. It was concluded that C3 participates 
directl y in the intracellular process leading to phagocytic killing 
of C. albi ca ns. Morelli and Rosenberg (1971) also concluded that 
com;ilcn:ent plays an important role in resistance to infection with 
f_:_~lbi ca ns either by inact ivating endotoxin o& the organism or 
mobilizing phagocytic ce ll s by generating chcmo tactic activity. 
Drew (1 973) related chronic mucocutancous candidiasis to abnormal 
funct"ion of serum comp lement. Three members of a family suffering 
from the di sease had decreased activity of total serum complement. 
Factors other than complement have been described in normal 
se1·um 1~hi ch affec t host s usceptibility to infection ~,i th Candida. 
Louri a and [l rayton ( 1964) described a "candidacidal" factor in 
norma l hu:u.ln sc ra or plasma which 1~as present in alpha and beta 
globulin tractions of the serum qlobulins but not in alt:>umin or 
gamma globul in. Chi lgrcn ~ .?..!. · (1968) described a "clumping 
factor" of C. a lbi c~ ns present in normal sera which wa s inhibite d 
by sera of pati ents 1-lith cutaneous candidiasis. Subsequently 
Louria et .9J.. ( 1972) reported that 98~~ of adults between 21 and 
50 ye ars of age have clumping factor in their sera. This factor 
is absent in patients 1·1ith sys temic candidiasis. Demonstration 
that a serum la cks or interferes with clumping can be a good 
indicator of infection. Smith and Louria (1972) characterized 
the Candida clumping factor of normal rabbit serum as a macro-
euglobluin of fast beta mobility and reported the gradual loss of 
the clumping act ivity during active immunization of rabbits with 
heat-killed Candida . The loss was clearly related to the appear-
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ance of hurno ral antibody rather than to a reduction in clumping 
factor. It appeared that antibodies to heat-killed Candida promoted 
~wcelial transforma tion. 
Exposure to this fungus or immunologically related organis.ms 
induces both humeral and cel l ular res ponses in man, sho~m by the 
deve lopment of s pecific scr~m agg lutinins and manifestations o f 
de layed (type IV) hyp ersens itivity. Drake (1954) t es ted 114 normal 
sera for agglutinins and found that 95% reacted with at least one 
of the 5 different s pecies of yeasts used. C. albicans was agg lut-
inated by 45 .~ of the scra. Shannon e t ill· ( 1966) found that 85% 
or the normc1l adu l t subjects demonstrated reactivity with Candida 
antigen. Cutaneous and l_yniphocyte reactivity to C. albicans i s so 
widespread in the genera l pop ul ation that Candida extracts are 
commo nly use d to detect abnorma lities of the i mmune system. 
The com:11ens a li sm of C. a lbi cans in its host is not ahiays 
stable. Any of the f act,1rs which can alter the host defences 
and favour prolif~ration and establishment of the Candida can 
result in a change of its status from comme nsal to pathogen. 
C. albican1_ is therefore an opportunis tic pathcgen producing 
disea se foll011ing lo ::a l or genera li ze d deb ilitation of its host. 
The organism is capable of causing various diseases in man rang-
ing from superficial l es ions, such as thrush, and allergic manif-
estation to mo re serious conditions such as mucocutaneous, chronic 
granuloma t ous and systemic candidiasis. Infancy, old age, 
pregnancy, endoc rine disorde rs, malignant diseases, leukopacnia, 
trauma, post-operative state, antibiotics and irnmunosuppressive 
drugs are some of the known predisposing factors. 
Experimental studies on modified animal hosts have confirmed 
some of the abo ve predispos ing f actors. Sa lv i11 !:._!~. (1965) 
reported that neonata lly thyn~ctomized mice had an increased 
susceptibility to C. a lbi can~ infecti on. Apparently contradictory 
finding s were re ported by Cutler (1976) who found that congenitally 
thymic-defi c.ient (nude) mice were more resistant than phenotypi cal 1 y 
normal l i ttermates to an intravenous injection of a lethal dose 
of vi able C. albican5_. Lack of s uscep tibility to experimental 
candidi asis in th ese ani mi.l l s was attribute d to the existence and 
effectiveness of prim.iry nor.-speci fie defence mechani sms such as 
phagocy to s is. 
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Hurley (1 966 ) reported that pre-existing in fect ion of mice 
with r rnteus morqa nii, tota l body x-irradiation of mice and alloxan-
induced diabetes i n rabbits made the animals more susceptible to 
fa tal infection than the healthy controls. Mukherji and Bas1, Mallick 
(1 972) found tha t mice challenged on the third day after treatment 
~,ith t he cy totoxic agent cy clophosphamide died within 48 hours while 
th ere was no mortality in control animals. Of interest was the 
finding that Candida was present in every organ examined in the 
n,ycelial form. 
Experi mental anin~l s including rabbits, mice and guinea pigs 
are susceptibl~ to infe ction with C. albicans although their suscep-
tibilities vary markedly (Winner, 1956, 1960; Hurley and Fauci, 1975; Winbla c, 
1975). Intravenous injection of large numbers of live organisms is 
usually fatal. Rabbi ts die from uraemia: in guinea pigs death is 
due to acute pulmonary congestion and oedema. In all 3 types of 
experimental anima l kidneys are the target organs with abscess 
formation in the cortex a nd cellular responses consisting of poly-
morphonucl en r l e ukocy tes , monocytes and lymphocytes. Louria ~.1.tl , (1 953) 
sug~e> te d that kidneys a re more susceptible to invasion because the 
inflammatory res ponse appears four hours later than in other tissues. 
Kernliaum (1 975) conclude d that the renal medulla is susceptible to 
.f.:....!i lbicans due to hyperosmolality and inactivation of the compler.ient 
system. Ha senc lever (19 59 ) reported that Swiss, female mice are as 
or more s uscep tible to .f~icans than male albino rabbit~. The 
di sease is more acu te in rabbits and death results after 1-7 days, 
while it is more chronic in mice and the animal may survive up to 30 
days. Mouse mode l s for exp erimental candi diasis have been described 
by l31yth (1 9~8 ), Hurl ey and ~J inner (1 963). 
lhe mechanism of pa thoge nicity in m.:in and animcil is not knol'ln. 
Many in vest i gators have suspected the presence of a toxin and tried 
to de monstra te its pres ence usi ng techniques derived from studies on 
bacteri al endotox in. Salvi n (1 952 ) stated that dead cells of 
C. al.; '.!1.S_ have <'ndo toxin- like properties. Winner (1956) sug gested 
th at an cndo toxin may be r esponsib le for the pathological effects 
pro duced by the organisms on in fected tis sues . Maibach and Kligman 
(1962) from c1n examina tion of exper i me ntal infections in the skin 
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of human volunteers concl uded that the pathological reaction in 
cutaneouscannidi asis is mediated by endotoxin-like materials released 
by the organ is m. Isenberg~~-- ( 1963) r e ported that a phenol 
extract of C. albicans contain e d an endotoxin-like substance. Dobias 
(1964) prepared an ex tract from yeast cells which contained 
sensitizing antigens and an endotoxin-like substance. Mankowski 
(1962 , 1968) isolated a glycoprote in from culture filtrate which 
retarded the growth of new-born mice on repeated subcutaneous injec-
tions. Zaikina and Elinov (1968) described a plasmocoagulase in 
cell extracts of many species of fungi including Candida which caused 
enzyma ti ca l proteolysis of prothrombin with the formulation of 
thrornbin or thrombi n-like substances. 
Chattaway ~ ti. · ( 1971) were unable to demonstrate toxin 
production by a pathogenic stra in of C. albicans a nd concluded that 
toxin prod1Jction appeared to be a strain characte ristic c1nd not a 
property of pathogen ic s trains~~- They suggested that toxic 
act ivity of th(.> fun gus may be related to local activity of enzymes 
elabora ted by the organism on hos t tissue during its growth. Cutl e r 
l a l. (1 972 ) induced a !Jranulo111a tous response in mice, He could 
not h01·1ever ass ign a role of toxicity to any identified components 
of the organ ism. 
Iwatn (1979) and his collaborators in Japan have made extens ive 
studies on "canditoxi n", a heat-labile protein with an LD
50 
for mice 
of 0.3 J'9/gm body weigh t. Amongst the effects induced by administl'a-
t ion of "canditoxi n" to exper imental animals were enhancement of 
infection 1'iith s;. a l bi ca ns, more marked histopnthological changes 
and suppression of T-cell lymphocytes. 
The immuno logical state of the host is a major factor in 
determining susceptibil ity of candidiasis. The literHure contains 
many reports on the influence of cellular and humeral elements of 
the immune response on Candida infections of experimental animals 
and man. Data have been presented from many sources but there is 
not at present any uniformity of opinion on the protective roles 
of humoral and cellular responses respectively. Many of the reports 
have contradictory findings or conclusions. Comparisons of results 
from different studies are usually difficult or impossible to make 
because of the marked differences in experimental design a~d methods. 
Moreover ea rlier studies were made without the benefit of the clearer 
un derstanding of the basic nature, kinetics and significance of the 
immune res pe,nse which has emerged only within the past decade. 
Kurotchkin and Lim (1933) reported that passive irrrnunization 
of rabbits subseq uently challenged with ~lbica~ was not 
effective and co uld eve n have been deleterious. Hurd ar.d Drake (19 53 ) 
found that passive immunization of rabbits with sera containing 
agglutinin titres of 1:1 280 to 1:2560 did not protect the animal 
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against challenge with lethal doses. They also concluded that 
active immunization not only failed to provide protection but was 
harmful to the experimenta l animals. Winner (1956, 1958) reported 
failure of active or passive immunization to protect rabbits 
against fdtul infect ion ~lith C. albi..::ans . He concluded that anti-
bodies induced by whole cell in111unization were directed against 
surface compone nts of the ce ll: unless the lethal mechanism of the 
yeast was associated with the cell surface there was no reason to 
suppose tlwt the pathogenesis of infection ~,ould be influenced by 
these antibodies. 
Experimental studies with mice have yielded some evidence 
to link humoral responses with enhanced protection to experimental 
infection. Mourad and Friedman (1961, 1968) reported that active 
and passive immunization of mice protected 50% of the vaccinated 
mice compared to co ntrols. Dobias (1964) reported protection in 
mice following repeated subcutaneous injections of a cell wall 
preparation from C. albicans. Mazetti and Marraccini (1957) were 
successfu l in active immunization of guinea pigs. Formalinized-cell 
vaccinated animals s urvived while the untreated animals succumbed 
at 7 to 14 days post challen9e. 
The role of antibody in ... efence against C. albicans infection 
is widely regarded as minor compared to ee l 1 mediated immunity (CMI) 
(Kirkpatric k ~..!2.l •• 1971; Lehner ~ t_tl., 1972; Butz-Jorgensen, 1973; 
Miyake .£.! 2..!_ ., 1977). 
The importance of CMI in resistance to Candida infection has 
Leen emphasized by s tudies demo nstrating defects in delayed (type IV) 
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hypersensitivity or~ -~itro correlates of ce llul ar in111unity in 
pat ients 1-1 ith candidias is. Buck and Hase nclever (1963) in a st udy 
of 297 wome n attcndin9 a prenata l clinic fou nd that vulvovaginitis 
and 9rm·1th of C. il]bica~ occurred more frequently in wome n with 
nega ti ve th a n with pos itive ski n tests. Absence or abnormality 
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of type IV hypersensiti vity have been reported from cases of chronic 
mucocutane ous candidias is by Lluckley et al. (196 8), Landau (1 968) and 
Kirkp.:itrick ~~- (1971). 
Chi1gren .£!. ~]_. ( 1969) reported 3 patients with mucoc.utaneous 
candi d·i as is who had cutaneous anergy desp ite the fact that their 
lymphocytes had intact antigen recognition and processing mechanisms. 
The anergy seemed to result from a deficiency of mediator production, 
migration inhibition factor (M IF) or the presence of an inhibitor to 
this factor. Valdimarsson et al. (1973) found 4 main immunological 
patterns among 26 patients with chronic mucocutaneous candidiasis. 
One group had antigenic act ivati on of lymphocytes 2-!.! vitro but with-
out the release of detectab le MIF and failed to express delayed hyper-
se nsitivity . Another group failed to mo unt del ayed hypersensitivity 
although the ir lymr:ihocyte transforma ted and they produced MIF. A 
third group had a serum factor which selectively s uppress ed the 
response of lymphocytes to Candida antigen but these patients reacted 
to purified protein de rivative (PPD) a nd co uld be sensitized to 
dinitrochlorobenzene (UNCD) . The la st group had no detectable 
abnormalities. 
C. a lbi cans ra rely causes pe rsistent infection in healthy 
subj~cts and the high incidence of positive skin t ests to Candida 
suggests that speci fic acquired immunity is associated with a state 
of commensal ism . It may eventua lly prove to be true that enhanced 
resis t ance to Candida infection is related to a measural:,le extent 
to eel 1 ular i mmu nity . 
The r eact ions of lymphoid cell populations from sensitized 
subjects to funga l antigens has become a subject of interest. Such 
in teractions res ult in a var i ety of biological activities, the 
nature of which depends on the environme nt in which the ce llular 
response to antigen is taking place. Assessment of specific cell 
mediated inunun i ty can be made by reference to four biological 
phenomena which are all mediated by lymphokines (Dumondt~ ii.!.·, 
1969) . These are: 
l. Production of type IV (delayed hypersensitivity in vivo). 
2. Transformation of sensitized lymphocytes in the presence 
of specific antigen in vitro. 
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3. Production of migration inhibition factor (MIF) following 
interaction of specific antigen with lymphoid cell popula-
tion containing macrophages and sensitized lymphocytes 
in vitro. 
4. The cytotoxic effect of sensitized lymphocytes on popula-
tions of "ta rget" cells on whose surfaces the specific 
antigen(s) a r e borne in vitro. 
In vi_tro stud i es by Alford (1973) showed that an antigenic 
extract prepared from h__!!_l_bica ns ca us ed significant uptake of 
tritiatc d thymidine in lymphocy te cultures of normal adults compared 
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with hosp ita l pa t i e nts . Ce ll s from all 25 norma l subjects demonstrated 
l ymphob l as t i c ac tivity 1~'1e n exposed t o Ca ndida c1 ntigen. Precise 
i nfo rmat ion conce r ni ng the conditions required to induce cell mediated 
i mmunity 1•,o ul d be he lpful for prognos is and treatment of human 
di 5cilscs in wh i ch a nti body docs not play a role. The acquisition 
of specific ce llula r r es pons iveness depends on the route of stimula-
t ion of t he ho s t ce lls and the nature of the antigen and the manner 
of its prese ntat i on to the host. 
Candida a l bi ca ns has numerous antigenic components. Winner 
(7972) s tudyin g the ultrastructure of Candida has defined and mapped 
its maj or anti gens. The cell wall has several zones. The external 
zone consists of mannan, protein and chitin. Internal to this 
there is a narrm·1, dark zone containing hydroglucans followed by 
a wider and lighter staining zone immediately adjacent to the cell 
membrane composed of g 1 ucans. 
The three chemical categories of antigens of practical importance 
are mannan, usually complexed with protein, glycoproteins, and 
cytoplasmic protein. The cytoplasm is rich in enzymes and other 
mac r omo l ecul es 1~h ich are capable of acting as antigens. Axelsen 
(1 973) using 2-dime ns ional immunoelectrophoresis has described 78 
water-solubl e antige ns associated with the cell sap. It is not 
known whi ch components a r e associated with tis s ue invasion, and 
a lthough serol og i ca l tests are wide ly us ed in the r e cognition a nd 
mo nitorin g of pa tients with ca ndidi asi s , no ready and reliable 
di st inction can be made between colonization and invasion. Antibodi es 
arc formed l o ma ny s truc tura l compone nt s and mctabol i tes of .f_.~!E_i_cans 
and sero l og ica l tests have rccei ved much attcnti on in the past two 
decades . Correct ly used and with a clear understanding of their 
li mitiltions as 1-1e l1 ilS their advantages they can provide valuable 
information to the clinician and they constitute an important 
diagnostic a id. 
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Three types of antigen are most commonly used in immunodiagnostic 
tests, viz. whole cell homogenates, intact non-viable organisrIB and 
culture f iltrates. Disintegrated yeast cells contain a mixture of 
protein, glyccprotein, lipoprotein and polysaccharide antigens, 
derived frc111 cell wall and cytoplasm. They are used in gel diffusion 
tests such as double diffusion or counterimmunoelectrophoresis in 
agar or agarose gel. Intact, non-viable cells are used for agglu-
tination or indirect fluorescent antibody tests. Culture filtrate 
antigen is widely used for skin testing. Numerous modifications 
and variations have developed from these basic reagents and systems. 
The diagnos tic laboratory now has a wide range of serological tests 
available for detection and measurement of antibodies, including 
agglutinatio n of whole ce ll or iner t particle such as latex agglutin-
ation or haemagglutination. Enzyme-linked immunosorbent assays and 
solid phase radioimmunoassays have also been evaluated. Complement-
fixation t ests are now rarely used. Antigens in conn1on use vary 
greatly from laboratory to laboratory, and there are at present no 
internati onally accepted reference reagents against which performances 
of serodia~nostic antigens and reference antisera can be compared. 
In addition to the princiral categories of ant,gen used in immuno-
diagnostic tes ts (whol e ce ll homogenates , intact cell, culture 
filtrates) , attention has been paid increasingly to i111nunological 
activities of po)ysaccharide (mannan) in contrast to cytoplasmic 
pro teins . According to Northcote (1 954) ma nnan accounts for 31 % 
and glucan for 2Y% o f the yeas t ce ll wall. Mannan, unlike glucan, 
is soluble an d it is produced in abundance from a Candida popula-
ti on 1·1hetl1er it is bei ng cultivated _;__~_ ~itro, or growing on 
mucosnl sur faces in vivo. Antibodi~s whi ch react to C. albicans 
mannan are almost a lways detectable in human serum provided a 
sufficiently sensiti ve test sys tem is use d (Bull and Mackenzie, 
19 79) . They are the first antibodies to show a rise fol lowing 
prolifera tion or dis semination of Candida in vivo. Chew and 
Theus (1 967) demonstrated preci pitins to the mannan antigen in 48% 
of healthy adults and in 69% of patients with rnucocutaneous 
candidi asis . Stanley et ~ - (1972) investigating precipitins to 
three antigens of C. albicans in the sera of pregnant women detected 
antibodies in 55 (1 8%) of the 303 women examined. They found a 
significant associ a tion between the presence of precipitating anti-
bodies to C. albica ns and its isolation from vagina and clinical 
evidence of mycotic vulvovaginitis. The most frequent response was 
to culture filtrate 13%, to mannan 5% and to cytoplasmic antigen 7%. 
In another s tudy Sta nley and Hurley (1974 ) found a higher incidence 
(47. 5'.; ) of prec ipitins to the three antigens of C. albicans in sera 
from 200 selec t ed pregnant wo me n with symptoms of vaginitis and 
with yeast ce ll s in the vagina. 
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In recen t y ears , r eact ivities to mannan and cytoplasmic protein 
have been eva luate d separately and in the United Kingdom, national 
reference reage nt s have been produced for whole cell extract, 
purifi ed cytop l asmi c pro te i n and mannan. These reagents arc maintained 
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at the Nationa l Ins titu te for l3iological Standards and Control, Holly 
Hill, Hampste,,d, and 111ac1e ave1 il able for comparist'n with similar 
prepil ra t i ons pr e pared for invest1gati ve work at othe:· ce,,tres. 
I111mune r esponses to di ffercnt anti gP.ns of ~bi can2 are 
oflc•1 dissim i la r . Pepys.£.!~.!.· (1968) found th<1t precioitins 
ag;iinst _c_. _ ulp_ican2_ mannan we re common in asthmatic sub.iPcts 
esµeciaily those 11ith pulmonary eosinophilia. The frec:uenci es 
observed were 22 of the 40 patients with asthma (55%) and 26 of 
the 36 patients 1·ii th asthma an d pu 1 mona ry cos i nophi l fa ( 72. 2~~ ) . 
Such precipitin s l't e rc associated 11ith a type Ill (Arthus) skin test 
react i on . Inhalation tests with culture filtrate containing both 
mannan and prote in antigens, provoked systemic reactions 4 to 8 
hours later and both immediate and late asthmatic reactions. Mannan 
antigens were found to be highly immunogenic a~J a single skin test 
resulted in the a ppearance of precipitins in all subjects. 
Lon9bc,t t,,,,i~~J_. (i976) stated that purified protein of C. al!'.licans 
(i.e. free of man nan) and purified cell wall mannan (free of 
prote in) are bo th capable of e liciting type I (i mmediate) skin test 
reaction in man, and, following passive transfer of immur.e serum, 
in the mc,nke_y . ";hese r eactions to the different antigens 1·1ere 
however mc di ated by different cl asses of antibody. Thus re spon ses 
to the purified cytopl asmic protei n 1~ere mediated by heat-labil e, 
long-term S.:! nsi ti2ing l'.)E antibody wherea, the reat:tions to the rnann an 
were mediated by heat stable short-term sensitizi ng antibody, 
prcsum~d to be in the JgG class . Thi s group of workers concluded 
that prote in components ~,ere responsible for type IV (delayed 
rc acUon) bu t i:ou l d also t:'licit type 1 and possil>ly tyµ e Ill r eactions. 
~Jh o l e ce ll homogenates of Candidn !.timul ate mos t normal 
lymphocytes when cultured in vitro (Foroozanfar ~ ~ -, 1974). 
The nature of the s timulating ant i gen(s) is (are ) not known. 
Studies on puri f ied Candid~ extracts (Report of the Subcommittee 
for ~ndidu Standard i zation, of the lnte rnationc1l Union of 
Immu nolog ici\ l Socie ti es , 1975) have suggested that they do not 
sti mul ate lymphocy tes ~ .!'._itro. To date no satisfactory explan-
ation has been advi\ nced for this phenomenon . Indeed there is 
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little evide nce in t he lite r a ture to confirm or refute the impres-
sion tha t \·1ith refin eme nt of Candida c: ntiyen:; there is a progress ive 
loss of reactivity demonstrab l e in vitro. In preparing and supply-
ing Candida a nti gens for lympho cyte transformation studies during 
the pas t decade, Macken zie (personal communication) has often 
been requested by investigators to avoid any purification procedures, 
s ince these preparations were recogniz ab ly l ess effective in test-
ing cellular responses in vitro. The validity of this observation 
ha s not bee n subjected to a c ritical evaluation, but it can be 
con s ide r ed fe as ibl e on the basis of exist ing immunological precepts. 
It i s known that particulate antigens are more readily processed 
by macrophage s tha n so luble products (Weir, 1973). This could 
e xp l ain why crude rather tha n pu rifi ed anti gens would be effective 
in vit ro in tests for cell-mc.>diated immunHy. 
- -
In practica l terms , however , crude antigens are less 
satisfactory th.:in purified ones, s ince neither chemical characteriza-
tion nor s tandardization can be r ead ily obtained. There would be 
a clear advantage in using a si111p le rilthe r than a comple x antigen 
or (JI ts in in vi ru. 
If the effectiveness of a Candida antigenic prep«ration is 
.-el uted to phy5 ica l as 1~c ll as chemical characte ristics, then 
cffe ct i vencss and reproducibility in tests for CMI might be 
su~stantially improved by the comb ined use of defined antigens and 
;nert pctrtic lcs of uniform size on which the antigens are adsorbed. 
The anti gen chosen for evaluation of particulate versus so luble 
antigen ~,as n;a nnan . It W-'1S selected on the basis that its composi-
tion is more unifo rm than preparations of cytoplasmic proteins. 
The aims of this s t•Jdy were to prepare different types of 
_fa nd ~ anti gens. 
l. To test the stimulating capacity of the different 
anti gens on peri phe ra 1 lymphocytes of healthy human 
subjects. 
2. To compare reactivities of soluble and insolubilized 
antigen. This would be achieved ~y making mannan 
particulate by attaching it to inert particles. 
3. To study the cellular responses of immunized and control 
mice to thigh lesion cha llenge with live cells of 
Candida albican s . 
4. To test the immunogenici ty and protective value of 
different antige ns of C. albican s in mice against lethal 
challenge with live organisms. 
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MATERIALS AND MFTH0DS 
T[ST STRAI N OF CMmID,'\ /'.l.G IC/INS 
.r'...'..._a lbica 11 s strai n NCPF 3153 was used throughout this inves tiga-
ti on . It 11as ma intained th1·oughout the period of study by fr equent 
sub cu lturing on slopes of glucose-peptonc agar. This isolate was 
ori ginal ly depos ited dt the Myco lo gical Reference Laboratory in 
1965 by Dr . H. F. Hasenclever , National Institute of Health, 
Bethesda , Md., U.S.A. as a subcu lture of his strain A207. Since that 
time it has ma i ntained 1ts morpho logical and biochemical character-
istics and its pathogenicity towards inbre d mice: it is the standard 
strain of C. albicans used and distributed as such by the Mycological 
Referen ce Laboratory. 
MEDIA 
All chenicals li s ted were Reagent Grade. 
Distill ed water was obtained from a glass still. 
1. Malt Extract Jl.ga!'.: 
Malt Ext ract (Coots) 
Agar (New Zealand) 
Distill ed water to 
Autoclaved at 112°c for 15 min. 
2. G l~~ e __ £._e.e_gine !'~ 
D Glucose Monohydrate 
Bacto-Pcptone (Difeo) 
Agar (New Zealand) 
Distill ed water to 
Autoclaved a t 112°c for 15 min. 
2.0 gm 
1.5 gm 
100 ml 
2.0 gm 
1.0 gm 
1.5 gm 
100 ml 
3. Gl ucose Pcptone Agar wi th Ant i bi otics 
Ingredi ents as above with t he addition of 
Cycloh ex imi de (" Act i-dion" , Upjohn) 
( 4 gm in 80 ml of acetone) 
Chloramphc ni col (Pa r ke-Davi s ) 
( 0 . 5 gm in 100 ml of ab sol ute ethanol) 
Autoc l aved a t 112°c for 20 min . 
4. Gl uc_9se Peptone Bro t h 
Bac t o-Pcptone (Di feo) 
D glucose monohydrate 
Di still ed wate r to 
Autocl aved a t 11 2° c for 15 min. 
5. Synthe tic Medium of Lee (SML) .,. 
Ammo ni um s ul phate 
Magnesium s ulpha te (hydrated) 
Dipo tass ium hydroge n phosphate 
( a nhydrous ) 
D-Gl ucose 
L-Ami no acids 
Alanine 
Leuci ne 
Lys ine 
Methioni ne 
Ornithine 
Ph enyl a lanine 
Pro l i ne 
Th rffi1i ne 
Bio t in (added after autocla vi ng ) 
Disti l led wate r to 
Au toclaved at 11 2° c for 20 mi n. 
• Lee , !!_ ~ - (1975) 
1 .o 
l.O 
10.0 
20.0 
1 
5.0 
0 . 2 
2.5 
12.0 
ml 
ml 
gm 
gm 
1 itre 
gm 
gm 
gm 
gm 
1. 5 gm 
1. 3 gm 
1.0 gm 
0. l gm 
0.071 4 gm 
0.5 gm 
0. 5 gm 
0. 5 gm 
0.001 gm 
1 1 i t re 
6. Ti ssue Culture Me di um RPM ! 1640 ( Di fco) to which the 
Foll (J~l ng ~,ere7\dde a 
2 .4t 1 M Hepes (N-2- Hydroxye t hy l pipera z ine-N- 2-e thane-
s ulphonic acid (Hopkin and Wi ll iams )) 
1 1119/ml "amp ic lox" (Beecham ) 
0. 5 M NaO H to pH 7.4 
Ste rili zed by fi l tra t i on t hrough 0.22 um mi ll ipore 
membrane ("Mi l l i po r e") 
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nuri rI ~ ·m c, I1 rm s 
1. Vol a il Buft r P.!!....2.:1 
0 . 4 il l! 11 n i um hydroge n carbonate 
7 . Bor, tr Buff r (rif 8 . 2) for Double Diffusion 
Bori c acid 
Bor, x 
Et yl 1.e ,ii amin tc ra-acet ic acid 
di odium sa l (COTA) 
Dis ill ed wa er o 
10.0 gm 
20.0 gm 
5.0 gm 
1 1 itre 
This buffer is d~ub l e streng ha nd it is mixed with 
an qual volun of 1 agar in distilled water. 
3. Buff rd Agdr for Doub le Diffusion 
0xoid agar o. 1 
Di s ti 11 d water to 
1.0 gm 
50.0 ml 
Mel the agar and add 50 ml of warm borate buffer. 
4. Verona] Buff r (Ba rbi tone) pH 8.2 
Barbi tone 
Sodium b r b itone 
Sodium a ide 
Distill ed ,~ater to 
3. 44 gm 
7.57 gm 
0.5 gm 
1 1 i tre 
5 . Buf er d l\q r or Counterimmun~l ctrophoresis pH 8.2 
Pur ficd ag r (0xoid) 
l\garO"C ( induh i o A 37) IBF 
V ro n 1 u f f r lo 
0.5 gm 
0.5 gm 
100.0 ml 
6. Sa 1 in . (for Aqqlutination T st) pH 7.2 
Sodium hlorid 
Sod1 urn dihydrog n p osphat 
Sodiu,n zid 
Dis 1 11 •d w t r lo 
7. Ci ra Bu ff r>r pit 7 
0.1 M tri id (21.0 q~/ 1 w r) 
0. 7 M DI :.od i um pt hate ( 35 . 6 gm/ 1 wa t r) 
8.0 gm 
0.8 gm 
0.65 gm 
1 1 i tre 
6.5 ml 
43.6 ml 
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8 . Pho~~ lluftt' r Sel lin ~ecco PBS ) pl l 7. 3 
!,odium t.hlo r id 
Pot, i LIiii ch l oride 
[)i odium hydr q n phos ph c1 t e 
rota;.s i um diltydro!)e n phos phate 
lJ i ,:; i 11 ed 1~a r o 
9 . §_!ve in.£_ Sa l in Buffer p it 8.2 
Glyc i ne 
Sodi um hydro i de 
Sod ium chl or id 
Sodi um a- i d 
Di s t i 11 d l·la -co 
111,; a S a ~ _pH 7 .3 
Di sodium hy rO!lC' n phos ph ;i te ( nhyd ro us ) 
Potass ium di hydrog n phospha te 
Di s i 11 e d wa t r t o 
11 . Ha s hing Solu i o n fo r g 1 pre c ipiti n t e sts 
Sodium ch 1 ori de 
Bora 
Di s ti ll e d wa e r o 
12 . ~IJ:_i gen Di 1 ue n 
8.0 gm 
0 . 2 gm 
0. 15 gm 
0.2 gm 
1 1 itre 
14.0 gm 
0 . 7 gm 
17.0 gm 
1.0 gm 
1 l itre 
5.0 gm 
2. 1 gm 
1 1 i tre 
4.0 gm 
4.0 gm 
1 1 i tre 
Ve r o n bu f f r to whi c h 0 .02 . me rthio l ate is added. 
13 . An i s r ~-u n t 
1/5000 m rthio l a i n di s tilled wate r . 
14 . .§_~l ra l d hyde So lu_.0_on 
Glu r nld hy (2 a uo us so lution) 
Sod ' wn l>i t 1ho nt1' 
Di s t i 11 d r o 
20.0 ml 
3 .0 gm 
1 l itr 
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15. ~~g's Solution 
So l ution A 
Co tJper sulphate 
Rochel l e Sa l t (potass ium s odium 
tart rate) 
Di sti lled water to 
So luti on B 
5% Sod ium hydroxide 
Worki_!lg so lu tion 
40 ml of solution A is mixed with 40 ml 
solution B. 
16 . Ficoll-Triosil 
Fi coll 400 (Pharmacia Fine Chemicals) 
Dis ti ll ed water 
Triosil 440 (Nyegaard & Co., Oslo) 
17. Scintill at ion fluid 
Toluene 
PPO (2.5 diphenyloxazole) (Fisons) 
POP OP (l, 4-Di - 2-(4-methy l- 5- phenyl-
oxa zo lyl he nzene) (BDH) 
PREP/\ RATION OF f\NTIGENS 
1. Whole Cell Homoqenate (Cf\D- 6) 
3.5 gm 
1. 7 gm 
100. 0 ml 
90.0 gm 
1227 .0 m·1 
189.0 ml 
2. 5 1 itre 
10.0 gm 
0.25 gm 
This antigen was prepared from bl astos pores of C. a lbi cans 
(NCPf 3153) grown for 3 days in stirred glucose-peptone broth 
cu lture (p. 22 ). After harves ting and was hing, it was frozen at 
-20°c for 24 hr . Cel l s were then suspended in volatile buffer 
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(p. 23 ) at a concentra t ion of 20% (11/ v), then processed in a "Dyno-mill " 
(G l en Creston) ce ll di s integ rator which res ulted in complete disrup-
tiori of bo th ce ll wa ll and ce ll contents. The crude suspens ion was 
15. £:_~l_i_.!!_g' s Solution 
Solution/\ 
Co ppe r sulphate 
Roche ll e Sa lt (potassium sodium 
tart rate) 
Di sti lled water to 
Solution B 
-- ---
5% Sodium hydroxide 
Worki_n__g__ so lution 
40 ml of solution A is mixed with 40 ml 
soluti on B. 
16. Ficoll -Triosil 
Ficoll 400 (Pharmacia Fine Chemicals) 
Distill ed water 
Triosil 440 (Nycgaard & Co . , Oslo) 
l 7. Sci n t_j__ 11 at ion fluid 
Toluene-
PP0 (2.5 dip he nylo xazole) ( Fisons) 
POPOP (1,4-0i- 2-( 4-methy l- 5-phenyl-
oxazolyl benzene) (i3DH) 
PREPARATION OF J\NTIGENS 
l. v/ho l e Ce ll Homogenate (C/\D-6} 
3.5 gm 
l. 7 gm 
100.0 ml 
90.0 gm 
1227 .0 m-, 
189.0 ml 
2.5 litre 
10.0 gm 
0.25 gm 
This antigen was prepared from blastospores of C. albicans 
(NCPF 3153) grown for 3 day s in stirred glucose-peptone broth 
c ultu re (p . 22) . Afte r harve s ting and wa s hing, it was frozen at 
-20°c for 24 hr. Cells were then suspended in volatile buffer 
25 
(p. 23 ) at a concentration of 20% (11/v), then processed in a ''Dyna-mi ll " 
(Glen Cresto n) ce ll disintegrator which resu lted in complete disrup-
tion of both ce ll 1•1a l1 and ce ll contents. The crude suspension was 
centrifuged at 10,000 g for 1 hr and the supe rnatant concentrated 
by dialysis aga inst l CJ~ polyethylene glyco l at 4°c , to 20% of its 
ini tia l volume . Th e concent ra ted mater ial was centrifuged again 
at 10,000 g for 1 hr and the supernatan t lyophi lized. 
Tlii~ antigen i s used routinely for detection of antibod i es 
to C. all>icans in serum submitted to the Myco l ogica l Refe rence 
Laboratory for se r odi ag nostic studies. 
2. M<1n11an (M) 
Mannan was prepared according to the method described by 
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Peat et ~ - (1961) as modifi~d by A.G.J. Proctor (personal communica-
tion). C. albican s was grown in 300 ml of glucose broth for 2! 
days l'l i th magne tic s ti rri ng and then transferred to 6 two-1 i tre 
ribbed conical fla sks each containing 1000 ml of SML medium (p. 22 ). 
The flasks were incub ated at 35°c on a rotary incubator (Gallenkamp) 
at 110 rpm for 60 hr. Candida cells were harvested by means of a 
continuous rotor centrifuge (MSE High Speed 18) at 21,000 g with 
f low rate of 250 ml/min. The yield was 105 gm. Harves ted cells 
were col l ected in a 250 ml polypropylene beaker, frozen at -40°C, 
and then t h,1wed. Af ter the addition of 200 ml of citrate buffer 
at pH 7 (p. 23) they were distributed in two 250 ml polypropylene 
centrifuge bottles and autoclaved for 2 hr at 126°c (20 lb press ure) . 
The cream-coloure d suspens ion obtai ned was centrifuged at 400 g 
for 30 mi n. The supe rnatant, a yellowish liquid, wa s collected 
and ret a ined. Se dime nt from the two bottles was re sus pe nded in 200 ml 
of water , centrifuged as above and the res ultant supernatants added 
to the previous one. To the combined s upernatants 55 ml of glacial 
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acetic ac id (99.6%) was added s l owly from a graduate d cylinder and 
mixed until a precip itate formed . Af t e r cent r if uga tion fo r 30 min 
at '1000 9 , the s upernatant was neutra l ized to pH 7 with N/10 sodi um 
hydroxide and its volume meas ured in a 500 ml gra duated cylinder. 
Two vol tm:es , (1000 ml) of co l d etha no1 were placed in a 2 l fl ask 
ar.d t he superna tan t was added t o it while stirring. It was then 
covered with alumi nium foil and stored a t 4°c overnight. 
The clear supe rnatan t was asp irated by vacuum pump and 
th e loo se residue centrifuged in a polypropylene tube. The result-
ant gum- li ke sediment was washed with 50 ml of 60% ethanol, 
centri fuged , and the excess li quid drained off on a filter pape r. 
The solid r es idue was di ss olved in 50 ml of water and 80 ml of 
fresh ly made Feh li ng's s olution (p . 25) was added slowly until a 
precipitate was formed . Thi s wa s centrifuged and 50 ml of water 
wa s added to the sediment . Concentrated hydrochloric acid was 
added drop by drop until the cop per complex dissolved. The volume 
was meas ured (54 ml} and three volumes (162 ml) of ethanol was 
added to the solution wh il e s tirring. It was kept at 4°C overnight 
and then centrifuaed at 4000 g for 30 min. The sediment was 
di sso lved i n 50 ml o f wate r and re-precipita t ed with 150 ml of 
ethanol which was added grad u<1 lly whil e s tirring. It was plac ed 
at 4°C and the above steps repeate d . The precipitate was fin ally 
dis solved in 10 ml of water and kept a t 4°C until freeze-dri ed in 
an Edwards EFO 3 freeze dr i er . A tota l yield of 400 mg of mannan 
wa s obtained in the form of di sc re t e white fl akes . This wa s t es t ed 
for anti~eni c activity against rabbit se rum containing antibody 
t o m<1nnan by counterimmunoclectrophoresis (p . 38). One or two 
di s tinct prccipiti n lines we re obtained dependi ng on the con cent ra-
ti on of anti 9c r1 us ed. 
3. _Particulate Mannan (M+L) 
The initia l attempt t o render mannan i ns oluble was made with 
"Sigma cell" . 14ith this proce du re\ 5 gm of cyanogen bromide were 
dissolved in 100 ml of di stil l ed water and mixed with 5 gm of 
"Si 9111;! cell" (50 11m ce llul ose particl es, Sigma Chemical Co.) 
suspended in 100 ml of distilled water. The pH of the suspension 
was mai ntained beb1cen lU and 11 for 5 min. with l M sodium 
hydroxide 1-1h i ch was added drop1•1 i se. After \'/ashing with 5 of 
ice cold 0 .1 M ~odium bicarbonate using a Buchner funnel, the 
Sigma ce ll was washed with coupling buffer (76.8 ml of l M sodium 
bicarbonate and 7.74 ml of l M sodium carbonate made up to 1 litre 
with distilled water). 
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Twenty-five mg of antigen was dissolved in 0.7 ml of coupling 
buffer, mi xed with the activated Sigma cell and left overnight at 
4°C. The Sigma cell was washed 3 times with 0.5 M sodium bicarbonate, 
followed by ethanolamine buffer (6,2 ml ethanolamine/1 of coupling 
buffer) and a third 1,ash overnight. Finally it was washed twice 
with 0.2 M glycine hydrochloric acid buffer pH 2.8 (0,2 M glycine 
and 0 . 2 M hyd roc hlori c acid). 
Sensit i zation of l atex 
The stock s usr,eris ion of latex particles (Difeo, 0.81 um) was 
dilute d 1:10 with gly ci ne-sa line buffer (p. 24 ). Twenty mg of mannan 
was added t o each ml of glycine- saline buffer. An equal volume of 
diluted l atex s uspens ion was added to the antigen mixture, mixed 
well and l eft a t 4°c for 24 hours . The sensitized late x particles 
~,ere w.is tied twi ce with glyc 1nc-sa linc buffer by centrifugation at 
18,000 g for 30 mins . The origina l volume was restored with 
glyci ne-sa line buffer and the particles 1-1ere stored at 4°c un til 
1·equ ircd . 
The preparation was tested for antigen i city by set ti ng up an 
agglutinatio n test (p. 38 ) 11ith 1abbit serum contai ning an t ibody 
t01-1ards manna n. The a:no unt of ma nnan l eft in the s upe rnatunt was 
determined by the me thod of Dubois et !1J..· ( 1956 ). It was 
calcu l ated that approximate ly 25% (2.5 mg) of the manna n present 
in the original su~pension was bound to l ml of late x particles. 
4. Purifi e d Cytopl asmic Prote in (PP) 
Thi s anti gen l'Jas ob t a ined fro m the National Institute for 
Biologica l Standards and Control, Ho ll y Hill, Hampstead, London. 
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It was prepared by ruptu ring yeas t phase of C. albicans (NCPF 3153) 
an d purifying the protei n antigens by a f f inity chromatography 
us ing a column containing Sepharose 4 B conjugated with concanavalin 
A. Passage t hrough the c olumn remo ved all traces of mannan. 
(Brighton ~, ., personal communication ). 
5. r.ulture Fi l tra~) 
f...'..~l~ ~ was g r own i n 400 ml o f SML me dium (p. 22 ) fo r 7 
day s at 25°c on a rotary incubator at 110 rpm. Afte r centrif uga t i on 
the supernata nt wa s dia ly zed aga i nst 30~ polye thyl ene g lycol at 4°C 
overnight to an e nd poi n t of, ,. of its origina l volume . It wa s 
freeze- dried in an [ct.Jard ' s High Vac uum EFO 3 appara tus a nd s t or ed 
.l!:!_v acuo. Its a ntigenic ac tiv ity was t es t ed with r abbit and s hee p 
seru11, containi ng antibodies for S:_•~-~_n_s_ by double di ff us ion 
tcs t s ( p. 40 ) . 
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C. alh!_cans 1·1as grown on 5 slants of 2% malt extract agar (p . 21 
incubated fo1· 24 hr . at ?.8°C. The grm~th was harvested and washed 3 
times 1-,ith c;teri le dis tilled water . Non-budding organisms of uni form 
size 1·1~i"ti se lected by use of a sucrose density gradient. Sucrose 
solutions of 20 ., 30"' and 40·;.; in distilled 1~ater using Ana l ar sucrose 
were µn2ra1·ed . In ma tched 50 1111 round bottom g l as!; cen t r ifuge tubes 
8 ml quilntities of the different sucrose so l utions ~,ere care f ully l ayered 
one above the othe r, with a 10 ml syrin ge , in the order 40%, 30% and 20'.L 
Three ml of the C. c>lbicans suspension was laye r e d on top of the li ghtest 
solution and centrifuge d at 160 g fo r 5 min. The ce lls of uniform size 
were collected from the top of the 30% sucrose with a Pasteur pi pe tte 
and e xamined microscopica l ly end f ound to consist of more than 95% of 
unbudding yeast forms. The ee l ls we r e adj us t ed to a concentration of 
106 /ml by the aid of a haemacytome te r ( Improve d rieubauer) and ki 1 led by 
heating a t 70°C for 1 hr . The vi abili ty of the organism was tes t ed by 
methyl ene b l ue technique of Lehrer and Cl ine (1969b) and also by culture 
on glucose peptone agar . 
HUMAN S_UBJEC TS FOR STUDIES OF LY~~P HOCYTE l~ES PONSES 
T1ienty hea ltl,j human vo l untee rs including mer.1bers of laboratory 
! ~aff, students and visitors were teste d fo r the ir ce llular respons es 
to the t, di rferent prep.-i rations of Ca ndida a l b i ca ns. They consisted 
of 8 fen:d 1 es whose age ranged from 25 to 65 yea rs wi t h a mean average 
of 45 years and 12 ma les with the age range between 20 to 55 years 
with a mea n average of 40. They were b l ed ,y vc nepunc ture from ante-
cubi t.a 1 vein in the forCJrm un:l the ir l ymphocyte r es ponses were 
de termin ed t,y transformation s tudies.!.'! vitro (p . 31). Not all 
subjc:ct~ ~,ere tes ted with ull the t es t antigens (Tabl e 2 ). 
Scrum antibody t itres for C. albi ca ns we re detennined by 
~,t,ole ce ll agg lutir.ation (p. 38 ), pa rticulate mannJ.n agglutination 
and counte ri n1111unoe lectrnphores is (p. 38 ). 
I Yf-lPIIOC YTE TR/\rlSFORllATION 
----- -- --
Preparati_o_n of L_ymphocy~e~ 
Te n to 15 ml of veno us bl oo d 1·1as defibrinated in a sterile 
20 ml universa l tube (Ste rilin) conta ining 10 gla s s beads . After 
cc ntri fugatio n for 10 min. at 200 g the plasmc1 wc1s collected into 
a 5 ml universa l tube wi t h a sterile Pasteur pipette. The cells 
were r esuspended wi th steri l e Dul becco phosphate buffer saline 
(p. 24) and ove rl a id gently on 10 ml of Ficoll-Triosil (p. 25) 
and ce ntrifuged for 30 min at 400 g. After centrifugation 
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erythrocytes an d granulo cyte s were present in the sediment and 
lympho cy tes a t the i nte rph ase . The i nterphase was transferred by 
sterile Pasteur pipe t t e into universal tube and washed 3 tin~s for 
5 min. each in phosphate buffer saline centrifuged at 200 g. The 
ce ll s we r e r es uspe nded at the end of each wash using a Rotomixer 
(risons) and fina lly r esus pended in 5 ml of RPMI 1640 culture 
medi um (p, 22) and coun te d i n a haemocytometer. The cells were 
a djusted to 106 ;ml with cult1•re me dium containing 10'.Z homologous 
pl asma . 
Lymphocyte Ce 11 Cul__~ 
Cultures were se t up in dupli cate for ea ch of the test 
antige ns in a s t e ril e round bot tome d microt1tre plate (Linbro). 
The concc 11t r<1tio ns of anti gens used for solub l e antigens were 2000, 
200 , 20 and 2 pg /ml. Parti cul ate rna nnan (M+L) was used in 
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conc011Lratio11s of 2500 , 250, 25 , 2.5 }Jg/ml. The whole cell killed 
anti gen (',·JC) was use d in concentrations of 106 , 105 , 104, 103; 1111 
(Table 3 ) . Two hundred fl of lymphocytes and lOpl of each antigen 
concentrat i on were added to each well except the co ntrol which did 
not r cc:e be anti gen . The pl ates were sea led 1~ith a plate sealer 
(Flow Laborator i es) and incubated at 37°c for 5 days. 
H<1rvc<. tj_ng and cour1~ 
Ten fl of triti a ted thymidine (0.2/JJCi, Radioc hemical Centre) 
was added to each we ll with a Hami lton syringe for the last 24 hr 
of culture. The plate was reseale d and the cells resuspended. 
The cultures were harvested on a cell harvester (designed by 
Departme nt of Immunology at the Institute of Child Health, Great 
Ormond Street , London) and collected onto Whatman CF/C filters 
2.5 cm. The filters were placed in plastic scintillation vials 
(Packard) and l eft a t room t emperature to dry. Six ml of scintil-
lation fluid (p. 25 ) was added to each vial which were then capped. 
Each vi a l was counted for 4 min in a beta counter (1210 ultrobeta-
LKB). A background count and a hexadecane standard (Radiochemical 
Centre) was added to each run and results expressed as dpm corrected 
for the efficien cy of the counter and the background. 
Res u 1 t s we re tabulated. The st imul a ting index was determined 
by dividing the dpm of the te s t to that of control. A stimulating 
index of 2 or more was considered to be significant. 
concc11lrations of 2500 , 250 , 25 , 2.5 pg/ml. The whole cell killed 
antigen (l·JC) was use d in concentrations of 106,105,104, 103/ml 
(Table 3) . Two hundre d fl of lymphocytes and 10
1
ul of each antigen 
concentration were adde d to each well except the control which did 
not r ece ive an t i gen . The plates were sea led with a plate seal er 
(Fl ow Laborator i es ) and incubated at 37°c for 5 days. 
Harvcs..!2._ng and counti ~ 
Ten JJl of tritiated thymidi ne (0.2/JJCi, Radiochemical Centre) 
was added to each we ll with a Hamilton sy ringe for the last 24 hr 
of cu l ture. The pl a t e was resea led and the cells resuspended. 
The cultures were harvested on a cell harvester (designed by 
Departme nt of Immunology at the Institute of Child Health, Great 
Ormond Street, London) and collected onto Whatman CF/C filters 
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2.5 cm. The filters were placed in plastic scintillation vials 
(Packard) and le ft at room t empe rature to dry. Six ml of scintil-
lati on fluid (p. 25 ) was added to each vial which were then capped. 
Each vi a l was counted for 4 min in a beta counter (1210 ultrobeta-
LKB). A background count and a hexadecane standard (Radiochemical 
Centre) was added to each run and re sults expressed as dpm corrected 
for t he effic i ency of the counter and the background . 
Res ults were tabulated. Tile stimulating index was determined 
by dividing th e dpm of the test to that of control. A stimulating 
index of 2 or more was conside red to be significant. 
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Pathogcnicity of strai n NC PF 3153 of C. albicans us e d in 
this ~tudy ,,as tested by dete rmination of LD50 value in experimentally 
infecte d mice . Outbred 111ice (TO strai n) 6-7 weeks old, with an 
aver·age 1·1cigilt of 20 gm 1~ere used throughout. They were supplied 
w~th R+M No. 1 expanded ma intenance diet (B.P.) and water ad 
·1ibi tum. 
Growth from slants of 2% ma l t extra ct agar (p. 21) incubated 
at 28°C for 48 hr . was washe d 3 times with steri1e dhtilled water 
at 15,000 g f or 5 min. an d resuspe nded in sterile saline. Cell 
numbers were adjusted to 5 x 107/ml with the aid of a haemocyto-
meter and confirmed by plate dilution counts with glucose peptone 
agar (p. 21). Seven groups of mice (5 or 10 animals per group) 
6 1-1eeks old (average weight 18 gm) were inoculated intravenously 
with graded doses of the washed suspension of C. albicans in 200 1ul 
quantities . Doses use d were: 5 X 10
4
, 105 , 5 X 105 , 106 , 5 X 106 . 
107,and5x 107. Observations were made daily for 30 days. 
Results 
showing cumulative deaths are shown in Table 6. Lo50 was determined 
by the mPthod descr i bed by Reed and Muench ( 1938). 
Studies for the presence of C. albicans in different organs 
of mice dying after challenge with 5 x 106 cells were made on 2 
mice . Kidneys , bra ins, lungs and live rs 1-1ere taken out of dead 
mice. An impression smear was made from each organ and sta ined 
by Giemsa (p , 43 ). About l gm of each organ was weighed in a 
ster il e 30 ml mas ticator bottle and sterile sa line in a concentration 
of 1: 10 1-1/v 1-1us adde d. The ti ss ues were rnucerated with a tissu e 
top clt-ive ho11109e11izer ( MSE ) and dif fe r e nt dilutions made with 
sterile sc1 linc v i_1 . 10- 1 , 10- 3 , 10- 5 , and ,o-7. Each dilution 
WdS cultured on a glucose peptone agar pl a te containing anti-
bioti cs (p. 22 ) . Plates were incubated for 48 hr. and the number 
of c:oluriies for each d i l1Jtio 11 obtained and avera9ed. 
Portions of the above organs 1-1ere fi xed in 10% formal-
sa li ne for 48 hr . and tra nsferred to 70% alcohol, dehydrated 
through increas ing concentratio n of al cohol and tolue ne and 
embedde d in par·affin (p . 4 1 ) . Five ~m thic k histological sections 
1-1ere cut and stained 1-iith hacrnotoxylin- eos in (p. 41) and periodic 
acid- Sch i ff met hod ( p. 42 ). 
THIGH MUSC LE CHALLENGE IN MICE 
The thigh l es ion technique described by Selbie anrl O'Grady 
(19 54) and de velope d by Pears all and Langunoff (1974) was chosen 
in orde r to study the cellular rPsponses during the course of 
experime n ta l infection with C. albicans. It was anticipated that 
ani ma l s i mmuni zed with C. albicans would show different cellular 
infi I tra ti on of t he thi gh l es ion compa red to the control animal s . 
He at kill e d va cci ne was prepared by growing C. albicans on 
a malt ex tra ct aga r s lants at 2s0 c for 24 hr. The organisms were 
ha r vested a nd was he d 3 ti mes with sterile distilled water and 
r es uspended in sa line. The number of cells was adjusted to 5 x 108 
by the a i d of haemocytome ter and confirmed by counts in glucose 
aga r pl ate (p . 21 ). They were killed by heating at 70°C for 1 hr. 
Their viability 1-,as t es ted by the methylene blue method described 
by Lehrer ilnd Cline (1 969b ) and a l so by cul t uring on s lan ts of 
glucose ngJr . 
1 h r ec iiroups of TO mice we r e used for thi s study with 5 
ani111il 1 s in each g1·oup. One group wJ!> i mmunized subcutdneous ly 
(s / c) at the nape o f t he neck wi th 0 . 2!> ml of 5 x 1013 of heat 
killed orgc1ni s 111s mi xe d with an equa l volu me of complete Freund's 
adjuvan t . Another g1·oup was i njected intrape r i toneally (i/p) 
with t he same dose . The i njections were r epeated in both grolJpS 
tl-10 1~ee ks l ate r . The a ni ma ls were ble d fro m a tail vein and their 
humo r a l r esponses tes t ed by 1·1hol e ce ll agg lut inat ion, double 
di ffu s ion a nd counteri mmu noe l ec trophoresis (p. 38). The immuniza-
tion sche dul e v1as contin ued in both groups of animals with the 
same dose bu t witho ut a dj vvant at bil~ee k ly intervals for 2 months. 
The adjuva n t ~1as e limina t e d in later injections to minimize 
ti ssue irrita ti on. 
Immuni zed and contro l an i ma 1 s were cha 11 enged with 1 i ve 
0 
orga ni sms by th e inj ection of 5 x 10 cells in 0.2 ml quantities 
i nto the r i ght th i gh mus c l e . Challenge inoculum was prepared as 
de sc ribe d f or the immuni1a ti on inoc ul um , e xcept th a t the cells 
were no t kill ed. After pre pa ration, they were maintained a t 4°C 
and use d with in 24 hr. 
Ten days af t e r th e chall enge wh e n th e infection was at its 
height one ani ma l from each gro up was kill ed and the thigh le s ion 
remove d. Direct smea rs we re made from the lesion and stained by 
Gi emsa ( p. 43) and PAS proce dures (p . 42 ). The di s s ec ted lesion 
w.is the n f i xed in 10% formal s aline and processed for histolo gi ca l 
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examination. At a utopsy it wa s noticed that the spleens of the 
test animals v:ere enlarged compa red to the controls (Fig. 13), 
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They wc,-c removed , v1cighed and processed for histological sections. 
Tt1 i gh lesions in th e rema ining animillS were self limited, 
disilppe a.1· ing ilfte r one mo nth. They were reinfected in the opposite 
thi gh musc l e and the above cha ll e nge pro cedure was repeated. The 
l ast set of mice were re in fecte d for the third time in the right 
thigh muscle and on the fif th day of infection the lesions were 
removed and pro,:;essed for hi s t ol ogical sections. 
PROTECIION STUDIES p,y DIFFERENT ANTIGENS OF C. ALBICANS 
Eight groups of TO mice, 6 weeks old, 10 animals in each 
group, a nd weighing an average of 20 gm were used in this study. 
Seven groups were i mmunized with different anti gen preparations 
of C. albicans whi ch consisted of 4 soluble and 3 particulate 
antigens . The soluble antigens were CAD-6, M, PP, and CF and the 
particul ate antigens were heat killed Candida (WCK), and live 
Candida ce ll s (\·/C,'\) and M+L. These antigens were prepared exactly 
as de s cribed for the in vi tro studi es . 
Solubl e anti gens were given s/c in 6 doses over a period 
of 3 we eks . Each mo use r eceived a total of 10 mg of the antigen. 
The part i cul ate a nti gens were given i/p e xcept for the live organi sms 
whi ch were given s/c in 3 doses over a period of 3 v,eeks. A total 
of 108 of dead organi sms and 2 x 107 cells of live organisms and 
l ml of m,:inna n on latex containing 2.5 mg of mannan per ml were 
u5ed fo r each gr oup conce rned. 
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Seven days after the l as t immuni zation, the anima l s were bled 
ind i vi dua 1 ly from the ta i 1 . Sera from each group ~1ere poo led and 
te sted for agglutin ins by 1·:hole cell agglutination and for precip-
itins by c:ounte rinnnunoe l ectropho r es is (p. 38 ). The animals were 
then cha llenged with 4 ~ 106 live ce ll s i/v in the lateral vein 
of the tai l and observed for 31 days. Deaths were recorded each 
day. The survivin g an imals were bled from the heart and then 
killed. All animals were autops ied . Spleens were removed and 
weighe d . The average weight for each group was determi ned. Their 
pooled se ra were tested for aggluti nins to whole cell s and for 
prccipitins directed to 3 antigens viz . CAD-6, mannan and cytoplasmic 
protein. 
Addition al precipitat ion tests were done with mannan antigen 
treated with pronase to destroy traces of protein and the purified 
protein antigen treated with sodium periodate to oxidize traces 
of ma nnan using the method descr ibed by Hollingdale (1974). 
Pronase treatment of ma nna n consis ted of adding 0.1 ml of pronase 
(Koch-ligh t) 10 mg/ml in sa line to 0.5 ml of mannan (5 mg / ml) and 
incubating at 37°c for 6 hours. A second volume of 0.1 ml of 
pronase was added and incubated at 37°c for 18 additional hours. 
As a contro l, anti gen was treated with PBS instead of pronase. 
Sodium periodate treatme nt of purified prote in consisted 
of adding 0. 1 ml of 0.02 M sodi um periodate (Hopkin and Williams) 
whi ch amounted to 42 mg/ml in water to 0.5 ml of purified protein 
(5 mg/ml) and incubated at room temperature ( 21°C ) in the dark for 
24 hr. As a control, antigen was treated with PBS instead of 
sod ium pcriodatc. 
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A comparison of the individual survival times of the r:iice in 
the experimental groups with those in the control group was made using 
th e fl.:inn-\·!ni t.ney U ranking test (Von Fraunhofcr and Murray. 1976). 
Fisl:er's exact probnbi li ty test ~,as used to compare the numbers of 
s11nivi:10 and dea d anitMls of each experi mental group vs. the control 
(Jrouµ (3winsc.m·i , 1976). 
~QCl l_u ti nil !_i_o_n 
Serial two-fold dilutions of the test sera were made in phosphate 
buffer pH 7.2 (p. 23) in rigid plastic sero l og ical trays (WHO pattern) . 
Phosphate buffer in 0.4 ml quantities 1-1as di spensed in each well of the 
rov1 excPpt for the first well wh ich received 0.6 ml. Seria l dilutio r.s 
~12re prepared by adding 0.2 ml of the test sera to the first well (l :4) . 
mixing and transferring 0.4 ml in turn to other wel l s in the series. 
0.4 ml of the fina l wel l 1-1as discarded. One drop (0.02 r.11) of 2% of 
~- albicans heat kil l ed susrension was added to each we l l. After 
thorough mixing, the plate was covered with a fitted plastic cover and 
l eft at room tempera i,ure for 24 hr. The sediment of each we ll was then 
resuspended by gentle shaking and the end point was read against dark 
b<1dground illumination. 
Counter irr.muno_c Jsc trophores is (_!=Ji) 
According to the r.iethod described by Mackenzie and Philpot (1975) 
5.5 ml of melted barhitone buffered agar:agarose gel (p. 23) was l ayered 
on a 3" x 2" (75 mm x 50 mm) 'Jla~s mi croscope slide and allowed to s 
givin') a ge l 1.4 nwn thick. IJells were prepared usi ng sta inl ess cutters 
39 
of appropriate s i ze and a plastic temp l ate that fits closely over the 
slide 11i lhuut touching the gel surface (s ee pattern below). 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 o+ 
-
0 0 0 0 0 Q I 
0 0 0 0 0 0 
0 0 0 0 0 0 
The diameter of serum wells was 4.5 mm and that of the antigen 
we ll s 2.5 mm , with edge-to-edge distances of 3 mna hetween the wells. 
Ten JJl of antigen and 20 JJl of serulil 1•1as added to the appropriate 
we ll s a nd the s lide ~,as placed in an electrophoresis apparatus 
(Sha ndon) containing ba rbitonP buffer (p. 23). A current of 4 v/cm 
wa s applied th rough absorbent ,int wicks for 90 min. The slide 
~,a s ir~me rscd in washing solution (p. 24) for 24 hr., follo~1ed by 
10 min. in glu tera l dchy de so lution (p. 24), 10 min. in di s till ed 
water and 10 min. in tap water and finally dried in a hot air cabinet 
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at 45°C for 2 hr. The slide was then stained by Coomassie Clrilliant 
Bl ue R ( p. 44) to s how specific antigen:antibody prer.ipitins. 
Do ub l e _[U ff~ sJ__Q _ ll Test (DD) 
Three ml of me lted buffered agar (p. 23) was pl aced in a 
5 cm plastic pe tri dish. When set the arrangement of wells 
s hown in the fig ure below wa s obtained by means of a pattern 
cutter. Thi s ;,as constructe d from perspex and stainless steel. 
Individual we ll s we re 4 mm di ame ter , with edge-to-edge distances 
of 5 mm. 
0 
0 0 
0 0 
00 
Excess agar was removed f rom the we ll s by asp i r at i on. Test 
serum 1~as genera lly pl aced in the central we l 1 and anti gens in 
peri ph era l we ll s . At other times antigen was placed i n the centra l 
well s and test sera in the peripheral we l ls. Diffusion was allowed 
to procee d for 3 days at room temperature i n a moist chamber. 
Pl ates were washed in wa sh ing so lution (p. 24) for two days, then 
rinsed in disti l led water for 10 min. The agar contai ni ng the well 
pattern was r enoved with a sc a l pel , placed on a microscope slide 
and dried at room temperature overnight. Dried slides were 
sta ined 1,ith Coomass ie [lri llian t Blue R. 
TISSUE PROCESSING AND STAINING 
Tiss u0s wer,! fixe d in 10~ formal sa line for 48 hr. then 
pl aced in 70 .~ a lcoho l for 24-48 hr . They were the n transferred 
to a Shandon Elliot t Duplex Pro cesser and pa ssed through the 
following so lutions for two hours each. 
80"~ alcohol 
9 5% alcohol (twice) 
100% a l cohol (three times) 
Toluene (t1'li ce) 
Wax (Poly1'/ax-Di fco) (twice) 
They were embedded in wax and cut in 5fm sections. 
Haemotoxylin and Eosin Stai ning 
Solutions 
Cole haemotoxyl in (Cole, 1943) 
Haemotoxy l in 
1-larm water 
5% potassium perma nganate 
Saturated ammon ium a l um 
Eosin 
1% aqueous so lution 
1% hydrochlori c ac id in methanol 
1.0 gm 
200 ml 
2 ml 
800 ml 
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Procedu re 
Sli des were carried through : 
Xylene 
Abso lute al cohol 
90 ,, a i coho l 
70 alcohol 
\~a ter 
Hoen10 to xv l in 
Tau 1~a te·r 
Acid alcohol 
Water 
Eosin 
Water 
/0'.~ alcoh ol 
90% alcohol 
Absolute alcohol (tl'lice ) 
Xyl ene ( t1~i ce) 
Periodic Acid-Sch iff Me thod of Stai ning (PAS) 
Solutions 
Periodic acid 
1% aqueous 
Potassium metao i s ulphite 
15 min. 
5 min. 
5 min. 
5 min. 
5 min. 
20 min, 
rinsed 
rinsed 
rinsed 
1 min . 
rinsed 
l min . 
l min . 
1 min . 
5 min . 
1% aqueous so lution to which a few drops of concentrated 
hydro chloric acid was added. 
Sch iff Reag~~ 
Bas ic Fuchsi n 
Water (90- 95° C) 
filtered at 50-60°c and coo l ed 
Sodium bi s ulphitc 
N hydrochloric acid 
stoppered tightly and s tored overnight 
in dark at room temperature 
1 gm 
100 ml 
2 gm 
20 ml 
300 mgm 
1 n • 1 y po , c d h r c.o l 
sh r r 1 mi n. . han 
nd Lh susp n ion 
hrc, u h Whal n o . l 
fil ter paper . 
The r es u l ting light yellow solution was s tored a t s
0
c 
and di 5c,1r cle<.I ~,hf'n any pink tint appeared. 
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Li gh_!:__i'.!.·cen ( Raymond A. Lamb) 
1% aqueo us 
Procedure 
Slides were carried through: 
Xylene 
Absolute a lcohol 
90% al cohol 
70% alcohol 
Water 
Peri odic aci d (1 1 ) 
Potas s ium metabisulphite (biice, 
Runnin g tap water 
Light Green (L) 
70% alcohol 
90% alcohol 
Ab solute alcoho l 
Xylene 
The slides were mounted with DPX (BDH) . 
Giemsa Sta ini ng 
Work i ng__J~½i ti on 
Giemsa stock so lution (Hopkin and Williams) 
Buffer for Giemsa (p. 24) 
Dis ti 1 l ed ~,ater 
Proced ure 
15 min. 
5 min. 
5 min. 
5 min. 
5 min. 
5 min. 
30 sec . 
10 min . 
3 min . 
l min . 
l min. 
l min . 
5 min. 
l ml • 
2 ml. 
8 ml. 
Slides were fixed in 111\:thyl alcohol and stained with a 
working so lution of Giemsa for 30 min. The slides were then 
washed in running tap water for 3 sec. 
'13 
Coomassi<' rld ll i,rnt Bl ue R Sta ining 
So l uti0ns 
Coomas~ie Br.!_ll iant Blue R (R.A . Lam~) 
()ilue nt 
Di 1 ucnt 
E t hano 1 
Gl ac i a l acetic a c i d 
Dist i 11 ed water 
Procedure 
0.5 gm 
100 ml 
450 ml 
100 ml 
450 ml 
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Slides were s t a ine d with Coomassie Brilliant Blue R for 10 
min. and then rinsed in methylated spirit and differentiated twice 
in diluent for a total of 3 min. to clear the background. 
RE SULTS 
1RAt;sro~::r'.l_IOi_l OF HUMI\N LY MPHO CYTES 13Y DIFFERENT ArlTIGENS OF 
C/\i·ilJI_DA /\LB I CANS 
fhc ly mphocytes of mos t subjects responded to C. all>icans 
antige ns (Table l). In compar ing the 6 antigenic preparations, 
culturt? fi l tratc (CF) , whole ce ll homogena te (CI\D-6) and partic-
ulate mannan (M+L) were superior to purified protein (PP) and 
soluble mannan (M) . The order of stimul at ion capacity was in 
the order : CF } CAD-6HJC > M+L >PP)M (Fig. 1, Table 2). Thus 
the particula te and crude ant igens use d were found to be superior 
to purifi ed and so lubl e preparations in promoting lymphocyte 
transforma tion. 
Mannan adsorbed onto "Sigma cells" was not a satisfactory 
antigen in the lymphocyte transformation test since the particles 
v/Ould not stay in suspension and sedimented too quickly. Latex 
particles proved to be much more suitable as the particulate 
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carrier for man nan and s ti mul a ted the lymphocytes of most of the 
subjects tested . This was in contrast to solut-le mannan. The 
pe rce ntage of reactors to so luble mannan and mannan adsorbed onto 
latex wa s 5.2% and 82. 4% respectively. To eliminate the p0ss i bility 
of nonspec ifi c stimul a tion produced by latex alone, lymphocyte 
cultures were exposed repeatedly to untreate d latex particles but 
without ever caus ing stimulation. 
In the t es t system used, background level s of disintegra tion 
per minute (DPM) in the abse nce of t est antigen varied from subject 
to subject (Table 1). The values obtained ranged from 802 
(Subject EM) to 90£i5 (Subject SG ). Control counts we re obtained 
for the ce lls of each subject each time a differen t antigen 1-ias 
tes ted . The range of the figures obtained for con tro 1 counts 
f or CJCh s ub jec t was usually a narrow one . Thus, for 14 of the 
20 subjPcts , th e Jrb itrary rat io High count - low coun t was 0.5. 
average count 
In 5 subjects (MP , LG, FD, RT , JK) the contro l values had a some-
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1-ihat broa de r ran9e, wit,h arbitrary ratios from 0.45- 0.83 res pecti vely, 
and in one volun tee r (SG) the control counts varied from 1342-9065 
DPM with an arbitrary ratio of 1.48. Because of this variable 
range , con trol va L.1es 1-iere not estimated by determination of average. 
Instead , the control value wa s taken as the figu re obtained for 
each series of antigen dilution tested, when antigen was omitted 
from the lymphocyte tissue culture medium . 
In compar ing the potency of the antigens CF, CAD-6 and M+L 
were the most potent of the anti9ens tested and even at levels of 
0 .1 JJ9fml stimulated the lymphocytes of some subjects. Purified 
protein and soluble mannan and whole ce ll were the least potent 
and were not ab l e to stimulate lymphocytes when used at concentra-
tions be l ow 10 JJ g/ml (Ta ble 3). Comparison of degrees of stimula-
tion indi ces of lymphocytes fr om each of the 20 vol unt~ers to 6 
test antigens are indicated in Table 4 a nd Fig. 2. 
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TABLE 1 ST !MULA TI ON O~_LrnPHOCYTES IN 20 SUBJECTS TO 6 ANT I GENS 
OF C. ALBICM~_J XPRESSED_ AS DPM (DIS INT EGRATION/M IN UTE) 
------- Concentration of Antigen 
Subject Antigen 0 
(Control) l: 1000 1:100 l: 10 Undiluted 
- ---
RM CAD-6 2450 2982 2763 5394 4924 
(M) M 2368 1392 l 704 1382 2046 
M+L 2485 2016 1963 2801 6031 
pp 2895 2973 1329 1900 2474 
CF 2189 2684 6948 6381 8540 
WC 2180 2984 2703 2623 5050 
Latex 2098 2132 2261 1983 2323 
TH CAD-6 1996 2901 4414 9479 4880 
(r1) M 2174 2767 1542 1343 1433 
M+L 1914 1474 1410 3042 3928 
pp 1860 2747 1982 2843 4121 
CF 2409 1382 1042 1936 ~ 
MP CAD-6 2731 4699 5827 8873 
10930 
(F) M 3033 321 7 3927 4768 5031 
M+L 2973 1301 7 16950 ..!2_465 
12784 
CF 3235 10379 ~ 19768 15577 
WC 1984 3204 2180 ill£ 5357 
Latex 1826 1902 1823 1840 
1873 
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lABLE 1 (continued) 
Concentration of Antigen 
Subject Antige n --------
0 7:1000 1: 700 1: 10 Undiluted (Control) 
- -------
JR CAD-6 7663 873 959 943 2039 
(M) 
M 1280 1871 1273 1367 1138 
pp 1723 1913 1430 1367 4549 
CF 1333 1630 1237 3229 4533 
WC 1558 1992 1632 1670 1932 
MF CAD-6 7549 23349 203B5 23566 2415B 
(F) M 7476 14694 13921 10267 13973 
M+L 7B80 14606 16548 15760 13444 
PP 79B1 10B41 12376 10437 10616 
CF 6221 16586 16780 18848 48529 
WC 7220 12907 12327 13228 15885 
GS CAD-6 6310 11596 13904 21485 1153 
(:1) 
M 7746 10890 4747 3924 3568 
M+L 6215 14924 8442 7631 6568 
PP 7230 7389 12936 8459 6729 
CF 6919 9771 12848 14543 13891 
WC 5!322 9439 9460 9810 12812 
EM CAD-6 925 1661 1607 24050 
1430 
( 11) M 802 890 1236 722 782 
M+L 889 880 1085 690 
651 
pp 903 925 1084 930 882 
CF 923 897 928 3416 
1214 
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T/\1\LE l (conti nued ) 
----- ----
Concentration of Antigen 
Subject Antige n 
0 l: 1000 l: 100 l: lO (Control) Undiluted 
t•lG CAD-6 4582 4021 3628 8506 13406 
(t-1) M 5096 3921 3627 3608 6673 
M+L 4400 3010 3552 7536 10560 
CF 4075 4470 3725 13052 15645 
WC 4172 3026 2764 6641 12521 
SG CAD-6 9065 3122 3231 4298 18130 
(F) M 8797 4435 3231 4298 10130 
M+L 6765 4155 3708 5247 17589 
pp 1723 1913 1430 2440 5275 
CF 1342 3163 2819 7901 12749 
WC 1558 1992 1632 1401 1670 
Latex 7344 1156 1036 1885 7327 
LD CAD-6 6580 5253 6635 9928 15330 
(F) M 8273 2361 2259 1877 10272 
M+L 7572 2155 2657 10300 16152 
Latex 7233 1833 929 1477 6483 
AF CAD-6 6580 5253 6639 9928 
15330 
(t1) M 5806 4062 4694 5144 9709 
M+L 4180 3513 4670 13376 
17974 
pp 6506 6335 6892 7348 8806 
CF 4789 18200 ~ ~ 39270 
WC 6876 3453 8694 
10260 13960 
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1/\RLE l (continued ) 
---
·--------- Concentration of Antigen 
Subject Antige n 
0 l : 1000 1: 100 1: 10 Undiluted (Control) 
1-\G CAD- 6 4582 4021 3628 8506 13406 
(f.1) M 5096 3921 3627 3608 6673 
M+L 4400 3010 3552 7536 10560 
CF 4075 4470 3725 13052 15645 
WC 4172 3026 2764 6641 12521 
SG CAD-6 9065 3122 3231 4298 18130 
(F) M 8797 4435 3231 4298 10130 
M+L 6765 4155 3708 5247 17589 
pp 1723 1913 1430 2440 5275 
CF 1342 3163 2819 7901 12749 
WC 1558 1992 1632 1401 
1670 
Latex 7344 1156 1036 1885 7327 
LO CAD-6 6580 5253 6635 9928 
15330 
(F) M 8273 2361 2259 1877 10272 
MtL 7572 2155 2657 10300 
16152 
Latex 7233 1833 929 1477 
6483 
AF CA0-6 6580 5253 6639 
9928 15330 
(11) M 5806 4062 4694 5144 
9709 
M+L 4180 3513 4670 13376 
17974 
pp 6506 6335 6892 7348 8806 
CF 4789 ~ 26340 42144 39270 
~,c 6876 3453 8694 10260 
13960 
50 
T /1 £11 (con i nuc 
---
Concentration of Antig n 
SutJ l l /\11l 1 gens 0 
(C n tro l) l: 1000 1: 100 l: 10 Undiluted 
-···-----
ll CI\D-6 8359 466 3 5128 6732 18482 
( 1) 
5682 3192 2455 3000 9531 
M+L 7087 3164 2737 6842 15176 
CF 6164 3755 2533 4673 13852 
WC 6078 3193 4328 6742 13372 
Lal x 5980 3641 4062 3980 6018 
-----· 
/IT CAD- 1530 1663 1792 1926 3860 
(F) 
M 1540 1656 1193 1792 1426 
pp 1723 1913 1430 1781 1430 
C 1333 2813 3163 7901 12706 
WC 1558 1992 1632 1670 4401 
JL CAD-6 1607 1093 1290 2675 3545 
(F) pp 1309 2420 1277 549 1327 
CF 1370 2037 1547 1920 6576 
WC 1207 2430 1268 2001 3301 
--- -- -- - ---- -- -
LG CAD-6 2029 2992 3435 4029 5688 
(r) 
M 2088 2235 3889 3918 2073 
M ♦ 3062 2773 3484 3478 6430 
pp 2540 2140 3032 3320 4017 
CF 1199 2442 ~ 4525 8753 
w 1923 2242 3425 4620 3900 
La )( 3086 2695 2439 2242 
1537 
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T/\ l"l l r. l (cont i nue d) 
Concentration of Antigen 
Sub ject /\nt igen 0 
(Cor!trol) 1:1000 1:100 l: l 0 Undiluted 
------- - ------
FD CA0- 6 1803 902 2756 6490 8162 
( 11) M 3084 2504 2693 3969 2499 
M➔ L 1959 l 725 1527 6661 7053 
CF 2901 2134 3359 5639 7833 
WC 2094 2250 3692 4188 5658 
Latex 1902 908 1089 1256 1768 
RT CAD-6 3487 4869 5532 7089 9587 
(M) 
M 2730 2156 2801 8198 6290 
M+L 2760 5703 5590 6891 11613 
pp 3062 2140 3032 3230 4027 
CF 4836 7843 13100 15228 10194 
WC 3230 3016 3523 6091 6513 
Latex 3919 3342 3534 2271 2201 
LL CI\D- 6 4682 3626 4648 10343 12174 
( F) M 3782 2105 2972 3010 3529 
M+L 3019 3664 4648 4587 10095 
CF 5000 5526 4297 5184 11058 
WC 4005 4406 6150 10418 12065 
DM CAD-6 5173 4326 3987 5148 
10962 
(M) M 52 87 3623 5061 5234 8763 
M+L 5077 2684 2253 2584 
4412 
CF 567 2715 3902 
3142 13075 
. -- .. - -- -
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T/\BLE 1 (rnntinued) 
Concentration of Antigen 
Subjec t /\ntigen ----0 
(Control) l. 1000 1: 100 1: 10 Undiluted 
JK CA0-6 8932 6109 7554 10042 11502 
(11) 
M 7124 5650 6142 6402 7034 
M ➔ L 4917 5013 3245 4813 4269 
CF 6657 3694 4004 6956 9912 
Latex 7925 3545 7332 4776 8213 
M Ma le 
F = Femal e 
100 
C, 90 -C 
·- 80 ~ C 
0 70 0. 
U) 
G) 60 
-... 
U) 50 
ca 
:, 40 ~ 
> 
~ 
30 
C 20 
-0 10 
-~ o-
-
-
n 
CAD·& M M+L 
Antigens 
-
-
pp CF 
Fi g. 1 . % of human subjects responding to different 
antigens of C. albicans. 
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-
WC 
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\JI I DIFF flE T A mGrns OF C. ALB!CArlS 
Antigens Tes d Responded 
CAD-6 20 18 90.0 
M 19 5.2 
M+L 17 14 82.4 
pp 12 3 25.0 
CF 19 18 94.7 
IC 15 13 86.6 
-----
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TJ\[3L[ 3 NUMBERS_ or ~ SU[lJECTS RESPONDING TO DIFFERENT I\NTIGENS OF 
CANDIDA AT DIFfERENT DiLUTIONS 
- - - -- -- ---
/\ntigen 
Final concentration (/Jg/ml) 
100 10 0. 1 
---
SOLUBLE 
CAD-6 16 9 4 
M 0 0 
pp 3 0 0 0 
CF 17 12 8 6 
Final concentration (,ug/ml) 
125 12.5 1. 25 0. 125 
PARTICULATE 
M+L 12 5 3 2 
- ------
Concentration ( ce 11 s) /ml 
104 103 102 10 
INTf\CT C[Ll.S_ 
C 13 4 0 0 
--------
. ... .. ·_ . - ~ - .- . !9 ~· 
... •• • .. . !. ' ! 
0 ,L. --.,~ ' -, 
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_!_Al~-- S l 111ULA fl Oil I _D IC[S or PERIPHERAL LY IPHOCYTES OF 20 
lllli•:, , 
_ SIJU,J_f.CTS TO S IX AITIGE S OF CA DIDA 
-~-
CAD-6 M M+L PP CF WC 
r·: 2 .0- ? .2 2.4 2.9-3.9 2.3 
Ill 2 . 2-4.7 2.0 2.2 2.4 
MP 2 . 1-4.0 4. 3-5. 7 3 .2-6. l 2.4-2.7 
JR 2.6 2 .4-3.4 
., 2 . 7-3. 2 2.0-2.l 2.6-7.8 2.2 
G::i 2.?-3 . 2.4 2.0-2 . 1 2.0 
·1 2.6 3.7 
G 2. 2.4 3.2-3.8 3.0 
SG 2.0 2.6 3.0 2. 1-9 .5 
LO 2.2 2.1 
Af 2.3 3.2-4.3 3.8-8 .8 2.0 
BR 2 . 2 2. l 2.2 2.2 
AT 2.5 2.1-9.5 2.8 
JL 2.2 4.8 2.7 
LG 2.8 2. 1 2.0-7 .3 2.0-2 . 4 
ro 3.6-4.5 3.4-3.6 2.7 2.0-2.7 
RT 2.0-2.7 2.3-3.0 2.0-4 . 2 2. 1- 3. 1 2.0 
LL 2.2-2.6 3.3 2.2 2.6-3 . 0 
0'· 2 .1 2.3 
Jr. 0 S imul ion 
X 
LU 
0 
z 
z 
0 
~ 
:s 
::::, 
~ 
i= 
VI 
10. 
• • 
9· • 
8· 
• 
• 
7. 
6· 
• • 
5, 
• • • 
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• • • • • • 
3 • • • 
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1 
CAD-6 M M-+L PP CF 
Fig. 2. Range of stimulating index of human lymphocytes 
tested against 6 Candida antigens. 
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Fig. 2. Range of stimulating index of human lymphocytes 
tested against 6 Candida antigens. 
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Fig. 2. Range of stimulating index of human lymphocytes 
tested against 6 Candida antigens. 
HUM RIi l RESPONS[S OF NORT•1f1L 5Uf3,1ECTS TO C. ALOICANS 
!J,~tcrminut ion of antibody 1evels fer C. albicans by ~,hole 
tel h J!~d r.:i rticulate mannan on latex in the sera of 20 normal 
subjc,:t_~ s h .:>1·ied t.h.-t a l 1 U females tested had demonstrable anti-
body (fab le 5). Titres r anged from 1:16 to 1:64. Males had lower 
antinoo•,• titrl.'s :--.1ng ing from < 1 :4 to 1 :16. Seventy-five per cent 
had an::ibody for w'1o 1e cell antigen and 83% for particulate mannan. 
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TABLE 5 OISTR lflUTION OF ANTIBODY TI1RES IN 20 NORMAL HU;1AN SUBJECTS 
TO WHOLE CE l.L (L4C) ~D MANNAN ON LATEX ( M+L) AIH I GENS 
Serum di l utions 
Antigen s 
< 1:4 l: 4 i: 8 l: i 6 1: 32 1 :64 % 
WC 
Females (8) 3 5 100 
Mctl cs ( 1 2) 3 4 5 75 
M+L 
Fema les (8) 3 4 100 
2 3 3 4 
83 
Males ( l 2) 
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ESTIMATION OF LD so OF C. ALOICANS IN "TO" MICE 
Th e morta li ty and s urvi val rates of different groups of mice 
arc recorded in Tc1blP. 6. The LD50 of C. albicans was estimated 
using the method of Reed and Muench (1 938) . The numbers of surviv-
i ng and dea d ani mal s for each concentration of inoc:ulum are indica-
t e d in Table 7, in the second and third co lumns respectively. In 
the fourth column accumulated survi ving anima ls were tabulated 
beginnin g with those wh ich received the highest concentration of 
inoculum. In thi s group there were no survivors. The number of 
s urviving animals in each of the succeed ing lower ~on centrations 
of inocu lum were then entered progress ive ly towards the top of 
the column. Converse ly the accumulative totals of dead animals 
were tabulated in the fifth column beginning with those which 
rece ived the lowes t co ncentration of inoculum and adding progres-
si ve ly th e number of dea d animals at each of the succeeding 
higher concentrations of inoculum. In the sixth column the per-
ce ntage mo rtality is ca l cu lated as the percentage of accumulated 
dead mice for the particu l ar ino culum. Thus for an inoculum 
concen tra tion of 106 cells, an accumulation of 4 dead animals 
per accumu l ated dead plus 7 accumulated live animals gives a 
morta lity of 4/11 or 36.4X. Likewi se, the percent mortality of 
the inoc ulum contains 5 x 106 yeast cells is 8/9 or 88.8%. 
The 50% proportiona l factor was ca lculated from the following 
ratio. 
50 - ( mo rt 1 i v a di 1~ n x be 1 ow) 
(mor ta li ty ne xt abo ve) - (morta li ty next b low) 
Thus: 50 :.. _3_6...:.1 
88.U - 3(,. 4 
• 0. 2Ci 
Since Ji"ll1tions l'1crc b~sed on a logarithmic scale, the 
I D50 is ot1t ,1 i 11!:.' d fro'll the anti 1og of the difference of the log 
ot higher· dilut ion minus the log of lmver dilution times the 
50 1,ropo1·t·iona l factor p°l'.JS the log of the lower dilution. 
I.D 50 .. antilog ((log 5 x 106 - log) x 0.26 + log 10
6 ) 
antilog (( 6 . 6990 - 6 .0000) X 0.26 + 60000) 
antilog of 6.1817 = l. 52 x 106 
The LD50 was calculated to be l. 52 x l 0
6 cells of C. 
a lbi cans . The ca l cul atio n was also determined graphically 
(Fig. 3). 
Impression smears and colony counts from different organs 
studied revealed that kidneys were the most populated organs 
(Fig. 4, 5 and 6). Histological preparations revealed numerous 
abscesses with a cellular reaction consisting mostly of poly-
morphonuclear cells (Fig. 7, 8 and 9). 
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TAGLE 6 
----
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GRours OF TD MICE INJECTED WITH DIFFERENT DOSES OF CANOIDA 
BLASTOSPORES FOR DETERMINATION OF LD50 
No. 0 f 1:1i cc No. of Candida blas to!; pores 
No. of animals 
dying within 
Deaths of 
individual 
mice (days) inoculate d injected 
5 5 X 104 
5 105 
5 5 X 105 
lO 106 
5 5 X 106 
5 107 
5 5 X 107 
30 days 
0 
0 
0 
4 
4 
5 
5 
8-12 
6-12 
3-ll 
3-6 
TABLE 7 ESTJrlATION OF LD50 OF C. ALBICANS STRAIN NCPF 3153 
IN TO f1ICE 
- - - -
Concentration Number of mice Accumulated Percent of hlas tospores Mortali ty in jected Alive Dead Alive Dead 
5 X 10 4 5 0 22 0 0 
105 5 0 17 0 0 
5 X 105 5 0 12 0 0 
106 6 4 7 4 36.4 
5 X 106 4 8 88.8 
107 0 5 0 13 100 
5 X 107 0 5 0 18 100 
E 
:::, 
:::, 
0 
0 
C: 
-0 
C: 
0 
-ca 
... 
-C 
Q) 
0 
C: 
0 
u 
5 ~ 10 5 ,-.,e- -----------
5 X 106 -
I I I 
0 50 
% Mortality 
Fig. 3 Determination of Lo50 of~~ in "TO" mice 
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100 
F g. 4. 
Fig. 5. 
Impression smear from kidney of dead mouse after 
ha ll nge with 5 x 106 of C. albicans x 360 
PAS Sta in. 
lmpr sion sme.:ir from l:idn y of de d mouse fter 
ch 1 h n'J wi h 5 106 of ~ic m. x 340 
• PAS in . 
G4 
F19. 4 . Impression smear rom kidney of dead mouse after 
ch alleng Ii th 5 x 106 of h_Alj)icans x 360 
PAS Stain. 
Fig. S. rmpra~s ion niailr from l..idn y o d d mous after 
h 5 X 106 Of ~_!!l!i C n" X 340 
G4 
-l 
-
1 4 
-
-
1 3 
-
102 
10 -
1 
Liver Heart Brain Kidney 
rig. 6. Colony counts on different tissues of dead mice after 
challenge with 5 x 106 of C. albicans 
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Fig. 7. Section of kidney of mouse dead after challenge with 
5 x 106 of C. albi cans. H and E stain. x 370. 
Fig. 8. Sect ion fr om kidney of dNd mouse after challenge with 
5 x 106 of C. albicans show ing an abscess. H and E 
5 "in . X 37rL 
6C 
Fig. 7. Section of kidney of mouse dead after challenge with 
5 x 106 of C. a lbicans . Hand E stain. x 370. 
ig. 8. s c i on rom ki dn y o f dcod mo use af r chall ng with 
5 x 106 of C. lbic ns 1lo11ing n bsc ss . H and E 
Slt in . 370. 
6 
Fig. 9. Section of kidney from dead mice after challenge with 
5 x 106 c ll s of C. albi ca ns ~lith cellular reaction 
mostly of po lymo r phonuc l ea1· cells. Hand Estain. 
X 380 
67 
Fig. 9. Section of idney from dead mice after cha l lenge with 
5 x 106 c ll s of C. lbi can s with cellular reaction 
no tly of polymorphomc l a, · eel ls . H and E st in. 
X 380 
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1HIGH LES IO NS IN MICE 
Mice immunized VJith heat killed C. albicans in combination 
with compl ete freuncl's adj uva nt deve loped aggluti nins as shown 
in Tah1 c 8 . Anima ls inocu l ated intraperitoneally had higher 
ti tres tha n those inoculated subcutaneously. 
Table 8 Agglutinating ti tre of pooled sera of immunized and 
contro l rlice 
Cont ro l Route of 
i mmu nization 
Weeks animals S/C 1/P 
4 l: 8 
6 l: 4 l: 32 
8 l: 8 l: 64 
10 l: 8 l: 64 
-----
8 
Afte r th e first chall e nge with live Candida ce ll s both control 
ar.cl i mmunized anima l s de vel oped soft loca li zed acute inflammatory 
reac tions which persisted for 8-10 days. before progress ing to 
form loc~li zed palpable abscesses. These resolved spontaneously 
aft e:r 4 weeks. Smears from a l es ion on the tenth day after infec-
tion showed ee l 1 ul a r reactions consisting mostly of polymorpho-
nuc l ear cel l s with few lymphocytes (Fig. 10). Hi s tologica l 
sec tions showed Candida in both yeast and mycelial phase infiltrated 
through out musc le fibres (Fig. 11 and 12). 
a 
Fig. 10. Smear from thigh lesion 10 days after first challenge 
with C. albicans with cel1ular reaction mostly of PMN. 
Gie rnsa stai n. x 425. 
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ig. 11. Thigh l esion in mouse Hith C. albicans. PAS stain. 
X 105. 
i • 12. Thi h 
X J 0. 
sion 111 m<>US wi h f.:.__!bica n . PAS s ai n . 
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ig. 11. Thigh lesion in mouse with C. albicans. PAS stain. 
x 105. 
r i . 12. Thi II I I 11 i 11 nious w i h LJ_ ..!.£!12.. PAS s a in. 
3 o. 
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Spleens of test animals were enlarged as compared to controls 
(Fi 9. 13) • H~i9hts of the spleen from animals immunized by the 
i/p ro11te ~,ere cons istently heav,·er than / · · d 
- s c 1 mmun, ze mice. Both 
groups had spleens which were appreciably heavier than those from 
control ani ma ls (Table 9). 
Table 9. 
Weeks 
12 
12 
16 
20 
20 
Spleen weights (gm) of individua l immunized and control 
mice at the time of killing 
Inmuni zed 
Control 
s/c i/p 
0.2 0 . 35 0.5 
0.2 0.42 0.8 
0.2 0.45 0 . 9 
0.25 0.48 1.0 
0.25 0.5 1.0 
AvP.rage 0 .22 0.44 0.84 
------ - ----------------
Tissue sections of spl~en showed hyperplasia of both red and 
white pulp with predominance of large mononuclear ce l ls i n the 
tes t animal s (Fig, 14). The second thigh challenge one month later 
resulted in an infection very s imilar to the first l esion except 
that the infl.:i mmatory resronse of test animals subsided 2-3 days 
earlier than the control s . No difference in cell response was 
noticed in smears f r om the l esions . Polymorphonuclear ce lls were 
the predomina nt cell s (Fig. 15). 
Fo ll ow ing the third challenge, a month after the second, 
scquestt·ution of the abscess in the test animal was appreciably 
accelerdtcd . By the fifth day the abscess had become walled 
off while in the control it was still active and spreading. 
Ca ndid t1 appea red mos tly in the yeast phase in the test animal 
while in the contro l animals it 1·1as mostly in the mycelia1 
phase (Fig . 16, 17, 18, 19 and 20). 
F · 13 Sp l eens of immunized and then cha 11 e nged mice with 19. . 
~l_!>~cans x 2 
Le ft (i / p) Middle (s/c) Riaht (control) 
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Fig. 14. Section of' spleen in i/p immunized mice showing 
predominance of mono nuclear cells H and E stain. 
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Fig. 15. Smear from l esion 10 days after the second cha llenge. 
Giems,1 stai 11. x 450 
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Fig. 16. Sect ion of thigh lesion in control mouse 5 days after 
infection with C. albicans. PAS stain. x95. 
I ig . 17. Section of thigh le s ion in immuni ze d mouse 5 days af te r 
infection with C. c1lbica_ns. PAS stai n . x92. 
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Fig. 18. Section of thigh lesion in control mouse 5 days after 
infection with C. albicans mostly in mycelial phase. 
PAS stain. x380. 
f"i9. 19. Sec tion of thigh l es ion in i mmunized mousP 5 days after 
in f ection with C. alhicans mostly in yea s t phase. PAS 
s tai n . x370. 
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fig . :?0 . S c io n of high 1 s ion in ontrol mous 5 days after 
in c ion ,i h L._!_bi_c ns s how i ng th dominance of 
my Ii 1 pha c . PJ\S s in. x380. 
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ACQLJ~{EU HLS_:ST/\NCE OF MICE TO C. ALl.lICANS 
Mice i mnu nized 1·1ith differe11t ant,·gen · preparations of C. 
t1lhit.ans slioiie d different degrees of resistanci; both in survival 
tirnl! and surv iva l ratP. i~h1c,nchJllen\)ed with l etha l doses of 
t ile live 01 ·gan is111 (Ta-ble 10) . The r-f t· f e ec 1veness o the antigens 
in protecting imnuni zcd animals were in the following order: 
CAD-E)M+L > CF ) PP) WC( A) = M)IJC(K ) 
Heat kill ed vaccine (WC(K)) did not confer an,;' measurable 
protecti on to the immunized mice and their mortality rate 
differed in no way from that of the controls. 
Serological studies of the animals just before challenge 
with live organisms showed that their agglutinin titres ranged 
from -. 1:4 to l: 64 . The group immunized with heat killed Candida 
i1ad the highes t agglutinin titre . The precipitin reactions as 
determined by CIE were directed principally towards the CAD-6 
and puri f ied protein antigens . There ~,as no detec table reaction 
to mannan 1•1h e ther or not it ~,as adsorbed onto latex (Table 11). 
Su rvi ving animals showed agglutini n titres which ranged 
from 1:4 to 1:1 6, and precipitins directed primarily against 
CAD-6 and pp antigens. None of the groups s howed any anti-mannan 
prec i pi ti 11 s whi ch co uld be detected by CIE or DD me tho ds (Table 
12). 
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Furtl1C:! r tests involving treatment of mannan with pronase 
to destroy traces of prote in and treatment of purified protein 
lo oxi ui Lei t r aces of rnannan did not influence the results and 
con11rn1ed that this stra in of mice did not produce precipitins 
il']dir,:.t 1;1.:in nan. 
The significance of prolonged surviva l time in mice 
immunized ~1ith ~orious antigens after challenge with a lethal 
dose of live C. a lbi cans was detennined. By application of 
the Mdnr. 1-lh i tney U tcs t it was shmm that P va 1 ues for CAD-6, 
M+L, PP and CF were ' 0.05 while M, WC(K) and WC(A) had a P 
value) 0.05 (Table 13). 
With regard to the number of s urvi vi ng animals inmuni zed 
with various antigens after challenge with a lethal dose of 
live ~bica ns by applying the Fisher's exact probability test 
it was shown that CAD-6 , M+L, CF had P values < 0.05 in contrast 
to M, PP, WC(K) ane1 WC(A) antigens whose P values were )0.05 
(Table 14) , 
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T/\fllf 10 l·lORTALITY OF 111MUNIZEO AND COtlTROL MICE CHALLENGED WITH 
-----
4 x 106 C[LLS OF C. ALBIC/\NS 
Ouru ti on of Control 
Anti gens 
in fec t ion Animals CA D- 6 11 fl+L pp CF WC(K} WC(A) 
Day 0 
l 
2 
3 
4 
5 
2 
6 
7 
8 1 2 
9 2 l 2 
10 2 
11 
12 
l 
13 
14 
15 
16 
17 1 
18 
19 
20 
21 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
6 7 10 7 7 4 To t a l 10 3 
DccJths 
--
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T l\fll E 10 MOHTALJTY OF ltlMUrHZ[D AND COtlTROL MICE CHALLENGED lflTH . -- - --· - ·---
4 x 106 CELLS OF C. I\LBICI\NS 
---
Du r.:i ti on of Contro l Antigens 
infect ion Ani ma l s CAD-6 11 11+L pp CF WC(K) WC(A) 
Da_y 0 
2 
3 
4 
5 
6 2 
7 l 
8 
9 2 l l 2 
10 2 l 2 
11 l l 
1 2 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
7.6 
27 
28 
29 
30 
31 
6 7 10 7 7 4 Tot,, 1 10 Oc, a tli s 
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TA[)LL 11 ANTirlODY RESPOJ,SES IN POOLED SERI\ FROM MICE VACCI NAT ED 
~IT~ QJ r f ERFN T ANT IGEN PREPARATIONS OF C. ALBICANS 
- - --
Prccipitins* Agglutinins 
Ant igens 
CAD-6 M pp 
CAD-6 2 lines 2 lines 
l :4 
< 1:4 
M ( 1:4 
M+L 
PP 2 lines 
3 lines l: 4 
( 1:4 
CF 
l :64 
WC(K) 
l :8 
WC(A) 
* detected by CIE 
TABLL 11 
Anti gens 
C/\0-6 
M 
l·l+L 
PP 
CF 
WC(K) 
WC(A) 
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A~TIDODY RESPONSES IN POOLED SERA FROM MICE VACCINATED 
WITH orrFERENT ANTIGEN PREPARATIONS OF C. ALBICANS 
------- --------------------
Precipitins* 
CA0-6 M pp 
2 lines 2 lines 
2 lines 3 lines 
Agglutinins 
l :4 
< l :4 
( 1:4 
l :4 
( 1:4 
l :64 
l :8 
* detected by CIE 
Tl\fJL[ 12 
Immuniz ing 
dn tige n 
CAD-6 
M 
M+L 
pp 
CF 
WC(A) 
Contro l 
• detected 
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SEROLOGICAL STI\TUS OF SURVIV ING MICE IN EArn GROUP 31 DAYS 
AFTER CHALi.ENGE WITH 4 x 106 LIVE CELLS OF C. ALBICANS 
Survi val Precipitins* 
Spleen 
Agglutinins weight 
rate % CAD-6 M PP Gm 
70 2 1 i ne s - 3 1 ines 1: 8 0.38 
30 1: 4 0.30 
60 line - 1 1 i ne l :4 0.38 
40 line - 3 1 ines 1: 16 0 .28 
50 1 i ne - 1 1 ine 1 :4 0 . 42 
30 line - 1 line l: 16 
0.37 
0 
o. 15 
by CIE 
The l·lann-1·/hitncy U ranking test was used to compare the individual 
surviv ,11 limes of th e mice in the experimenta l groups with those in the 
control •j1·011p (Vo n Fraunhofor and Murray, 1976). The surviva l times of 
the conl1ol mice (~1 1 ) 1-1ere placed in the first l i ne beg inning with the 
shcrlest 11d proceed ing in asr.end ing order and those of the e xperi men t a l 
mice ('l;.) ir! the secon d line . On the third l ine a ll the s ur vival t imes 
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\'/ere car.it, i nee! a ncl on the fourth 1 i ne a ranking order was ma de beginning with 
I for the sma olest surviva l time, 2 for the next and so on. \vhen t1~0 
surv i va 1 tir.1es 1-1ere tied the average rank was give n to bo th. On the 
fif th and sixth 1 i r. E:S the ranks 1~ere identified as be l onging to group Nl 
or N2 and their sums 1·1ere designated as R1 or Rz (see e xample below). 
Con trol ( N 1 ) 6 7 8 9 9 10 10 12 14 16 
CAD -6 (N2) 13 14 19 31 31 31 31 31 31 31 
Cambi ncd 6 7 8 9 9 10 10 12 13 14 14 16 31 X 7 
Ran king 2 3 4.5 4.5 6.5 6.5 8 9 10 . 5 10.5 12 13 1 7 X 7 
Nl + 2 + 3 + 4.5 + 4.5 + 6.5 + 6.5 + 8 + 10. 5 + 12 58.5 ( Rl) 
Nz 9 + 10.5+ 13+ 1 7 + 17 + 17 + 17 + 17 + 17 + 17 = 
151. 5 (Rz) 
The fol lowing formulas were then calculated: 
u, = "1"2 + ~1_(n z+ l ) 
- Rl 
2 
u2 nl n2 + n2(n2+1) Rz 
2 
~/here nl is the numbe r of mice in 
group N1 • 10 
of mice in group N2 
. 
n2 is the number 
10 
Ul 10 X 10 + 1..Qi 1-Q!..!J. 58. 5 = 96.5 
2 
U? c 10 X 10 + 10 (10+JJ. - 151. 5 = 3.5 
2 
U2 
, 3 •5) . was then conver tc lhc srna 11cr v.ilue, 
d to proba bi 1 i ty by 
tu 
3.5 ■ 0.02. 
or1v1 •1· -, icn t Jb lt• <Jivc11 in the te L, 
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1hc 1-lann-l-lhitncy U ranking t es t was used to compa re the individual 
survival times of l he mice in the experimental groups with those in the 
control 9ro11p (Von Fraunhofc r and Murray, 1976). The survival times of 
tile conlrnl mice (N 1 ) 1·1ere placed in the first line beginning with the 
shortest dnd proceed ing in ascending order and those of the experimental 
mice (N
2
) in the second line. On the third line all the survival times 
were con~ine d and on the fourth line a ranking order was made beginning with 
I for th e sma 11 est su rvival ti me, 2 for the next and so on. Hhen two 
su rvival times were tied the average rank was given to both. On the 
fifth and s i xth l i r.es the rank s were identified as belonging to group Nl 
or N2 and their sums were designated 
as R1 or R2 (sec example below). 
Con trol ( Nl) 6 7 8 9 9 10 10 12 14 16 
CAD-6 (N2) 13 14 19 31 31 31 31 31 31 31 
Combined 6 7 8 9 9 10 10 12 13 14 14 16 31 X 7 
Ra nking 2 3 4.5 4.5 6.5 6.5 8 9 10.5 10.5 12 13 1 7 
X 7 
Nl + 2 + 3 + 4.5 + 4.5 t 6.5 + 6.5 
+ 8 + 10.5 + 12 58.5 ( Rl ) 
l 7 + 17 + 17 + 17 + 17 + 17 + 17 . 151. 5 (R2) 
h 
N2 9 + 10.5 + 13 + 
The fo 11 owing formulas were then calculated: 
u, ,: n1n2 + n1(n 2+1) - Rl 
- ---
2 
U2 = nln2 + n2(n 2+1) - R2 
2 
~/here is the number of mice in nl 
is the number of mice in n2 
Ul = 10 X 10 + 10( 1-.Q.!ll 
2 
U? " 10 x 10 + 10(10+1) 
2 
58.5 
- 151.5 
group Nl 
group N2 
= 96.5 
3.5 
10 
10 
U2 (3.5), 
was then converted to probability by 
lhe smaller value, 
on v •rs ion 1, 1 , ~ivcn in the text. 
3.5 " 0.02. 
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TABLE 13 SUflnARY OF_ THE t1ANN-WHITNE_Y U TEST APPLIED TO THE SURVIVAL 
Tit ~_Q_F.J:11~1.'.il_!!llZ[D WITH VARIOUS ANTIGENS, AFTER 
CHALL ENGE \·/ITH A LETHAL DOSE OF LIVE C. ALBICANS 
·--- -- - . 
Anti gen IJ l U2 
Probability 
CAD-6 96.5 3.5 
P(0.02 
M 63 37 
P) 0.05 
M+L 92 .5 7.5 
P < 0.02 
PP 95 5 
P ( 0. 02 
CF 82 .5 17.5 
P (0.02 
WCK 43.5 56 .5 
P )0.05 
WCA S!i. 5 44.5 
P )0.05 
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/\ compa ri son of the numbers of surviving and dead animals of each 
cxpcri11!,'lll« l groups vs. the contro l group was made using Fisher's 
exi\Ct prnb.:ibi li ty test (S1-1inscow, 19 76). 
Tlie ,,umber of 1 iving and dea d animals in the control group and 
the c:xp?.rimenta l group were ar ranged in a box as fol lows (using CAD-6 
antigen ilS an examp l e) . 
h re il .. 
b ; 
C = 
d 
r 1-= 
r 2"' 
s 1 
s2= 
N . 
Th s n 111 
p 
0 
!'Jo 
p 
p 
a 
C 
b 
d 
------- -----
he numb r of surviving control mice 
the num er o ·" dead contro l mice 
t e number o f surviving experimental 
the numb r o f dead experimental mice 
t o .:i l nunbcr of control ri'l ce 
t ota 1 num er of experimental r.,ice 
t o a l nun e r of surviving mice 
tota 1 numbe r of dead mice 
to a 1 n m e r of all mice in t es t 
rl 
r2 
N 
mice 
r s 11cre put into the fol lowing fonnula: 
• r,: r2! s 1 ! s :~ ~ 
N! a: b! c: d! 
10: ln! 7: 13 ! 
20: o: 10: 71 3! 
= i3~ 10 
109 
(2.4329 X 
.. l . 54 79 X 10-3 . 0 . 0015479 
• 2 p 0 . 2 X Q,0015479 
0.031 
(0) 
( 10) 
( 7) 
(3) 
( 10) 
( 10) 
(7) 
( 13) 
(20) 
TI\GLL 14 ~1:tl-11\~~ THE EXACT PROBABILITY TEST OF FISHER ET AL. 
~ 41 NSCOI-J 1976) APP LI ED TO THE NUMllERS OF SURV IV ING 
A~D D[ft n MICF IMMUNIZED WITH VARIOUS ANTIGENS AFTER 
---· 
CHALLENGE HITH A LETHAL DOSE OF LIVE C. ALBICANS 
-
~--
l\ntigcns Mumber dead Number al ive Probabi 1 i ty 
Contra 1 10 0 
CAD-6 3 7 
0.0031 
M 7 3 
0. 21 
M+L 4 6 
0.011 
PP 6 4 
0.087 
CF 5 
5 0.033 
\JCK 10 
0 1.00 
\JCA 7 
3 0. 21 
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DISCUSSION 
., lymphocytes Sub'.1 Jnccs which stimulate human peri'nheral 
arc divided into two groups. O ne consists of non-specific mitogens 
sue~ a~ phytohaemagglutini n (PHA) and concanavalin A (Con A). 
These in duce meas urable st imulation of the lymphocytes from most 
adu lt subjec:ts as well as those from the newborn, and are entirely 
incler,endent of immunization. The other group of mitogens consists 
of antigens sucl1 as purified ~rotein derivative (PPD) or extracts 
of ~a nd i~. Tr.ese are speci fic, acting only on the lymphocytes 
of sensiti zed in di viduals. Antigen-induced lymphocyte transforma-
tion represents a secondary response in vitro: it is not noted 
inc 11 s from the newborn. 
Lymphocytes responding to such stimuli possess appropriate 
receptors on their surfaces specific for the stimulating antigen. 
The first step in lymphocyte transfo1~ation is recognition of 
the stimul ating antigen and its active association with these 
receptors. The next step is activation which is triggered by the 
recoqnition phase. Changes are brought about in biosynthesis 
energy metabolism and ce llular morphology of the activated lymph-
ocytes. Following activation, the sensitized lymphocytes rel eas 
into the cu l ture fluid substances known as lymphokines causing 
the non-sensitized l ymp hocy es tn undergo blast formation. 
Lymphocyte transformation ism asur d 1n vitro by culturing the 
l ab 11 d precursor of nucleic acid 
ce ll s in the µresence of 
~-·-9.· tritiate d hymid 1ne for DA. Transformation is revealed 
and can be qu~ntitatively deternrined by measuring the increased 
~mo unts of incorporation of tritiated thymidine into ccl1ular DNA. 
I\ stimul at ing antigen must be specific, it must contain 
app1 ·orir i a t e a ntigenic determinants and it must be presented in 
such a fonn to be recognized by the r ecep tors of the sensitized 
ly:npho::y t e s . 
l n thi s s tudy the lymphocytes of most human subjects were 
fo•Jnd to r espond to the crude , particulate or culture filtrate 
antigens of Cc1ndida albicans. Other investigators have already 
shown that lymphocytes from a high percentage of the norma 1 pop-
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uli1 t ion ar2 stimu lated by Candida antigen (Alford, 1973; Foroozanfar 
~~1., 1974 and Frisk .e.!EJ .. , 1974). 
In comparing the stimulatory effect of the six different 
Can~i da antigens used in this study it was found that culture 
filtrate, crude antigen and particulate mannan were superior both 
in potency a .. d magnitude of response, in stimulating lymphocytes 
from hea lthy subjects. Intact, heat killed cells of C. albicans 
also caused some stimulation but to a lesser degree. The least 
potent antigens in the system studied were cytoplasmic proteins and 
soluble mannan. They did stimulate lymphocytes to a small degree 
but the stimulation index never exceeded the arbitrary level of 
significa nce, ~.!.~ twice the control 1Pvel . The fact that mannan 
rendered particulate by adsorption onto latex was stimulatory, 
suggests that the physical configuration of a stimulating antigen 
is of importance in inducing lymphocyt transformation in sensitized 
cells . A provisional conclusion from this work is tho1t structura l 
changes of an antigen or its mode of presentation to lymphocytes 
influence its stimulatory effect . 
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wa antigen of C. albica ns is a Mannan, th<.> predo111inant ce ll 11 
highly t:,n1nched polymer of mannose consisting of ano<. -1- 6 linked 
backbone 1-tith ma ny side chains consisting ofo(-1-2 and 0'...- 1-3 lin ked 
oligosac charides (Yu et~-• 1967; Gorin and s~encer, 1968 ). So luble 
,_ Y ma crop. ages and this may 111a nnan by i tse 1 f may not be procec;s~d b h 
explain the fa ilure of lymphocytes to transform. However mannan 
adsorbed onto latex particles becomes functionally particulate and 
its antigenic determinants become more readily available and 
recognized. A particulate antigen i s likely to be more effective 
in establishing mu ltiple bonding between ,mtigenic determinants 
and lymphocyte receptors . In addit ion particulate bound antigens 
may not dissociate as rapidly as so 1 ub 1 e anti gen. 
Solubl e antigens are usually poor evokers of T cell responses. 
and accord ing to Sultzer and Nilsson (1972) and Cohen et 2.}_. (1975) 
tend to induce mitogenesis of Cl cells. The fact that aggregated 
m~terials a re better recognized by T cells was demonstrated by Moller 
(1969). lie found that soluble antigen such as human serum albumin 
and mou:;e gamma g l obu lin when aggregated with their corresponding 
antibody stimul ated DNA syrltnisi s in nonnal human lymphocytes 
cultivated .!_f! ~ • whereas antibo dy alone or antigen alone had 
rio e ffe ct, or a ne(lligib l e one. Zabriskie and Falk (1970) exposed 
tu~ercul~n-sensitized human _nd rat lymphocytes to various products 
of th e tubercle bacilli and observed a significant response of 
sens iti zed lymphocytes to intact tL;berc l e bacilli and negligibl 
inhibition of migration when purified prote in derivative (PPU) was 
used . Nilsson and :1o11e r (1972) showed tt1at PPO-tuberculin adsorbed 
to bentonite ,11ways stimulat d stronger lymphocyte responses than 
so luble rro. The same s ituation could also be true for the purified 
_ ___ i n e onto ate x or prote ins of C. albicans : if th ey could be 1 · k d l 
otlt (· r ine rt particles they mig ht become better stimulants fo r 
sc11sit~::ed lyn•phocytes . One probl em which may be troublesome in 
practi (;e is the po lyval ent nature of the cytopl asmic protein of 
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C. alhicans . Wi th so many different prote ins present in such 
extracts the re coul d be di f f e rences in t heir de gree of attachment 
to tlic inert Cdrrier and the ir retenti on of mitogenic reactivity 
when adsorbed onto latex par tic l es . Si nce it is still not known 
11hich ( if any) of the ant igens detectable in cytoplasmic extract 
by orthudox sero l ogica l tests a r e of diagnostic significance, it 
would be a maj or un de rtaking a nd perhaps an impracticable one to 
determine th e adsorption and s timula t ory qualities of each of Lhe 
many pr ote in or glycoprote in antigens present in a cytoplasmic 
ex tract. 
The s upe r i or i ty of a crude and compleK antigen over a pure 
and simpl e one 1~as shown in this study. The observation that the 
cru de a nti gen CAD- 6 prove d a good stimulant of lymphocytes was 
probab ly due to the physica l as well as to the chemical complexity 
of i ts anti genic components. It can be assumed that it contains 
numero us anti geni c de t e rminants which are easily recognized by 
lymp ho cyte<; and capab1 e nf induc i ng multiple bonding with cell 
r-e ceptors . It is a lso like ly that crude antigen contains lipids 
whi ch may act as an adju vant in the acqui s ition of stimulat i on . 
Fri s k et~- (1974) us i ng differen t anti genic preparat i ons 
o f c. a l h~ f ound that g l ucoma nn an protein (GMP) of the cell 
wt1 l l was more poten t. tn stimu l ating DNA synthes i s of se ns i t ized 
Zawi s za-Zenktel er and 
ly111p ho<.:ytes t ha n th t! cytoplasmic ant igen. 
Zamicchowska -Mia zga ( 1974) studied the effec t s of three different 
ant i gens of C. al!?_icans on blast formation of rabbit lymphocytes 
and found a relationship between the chemi ca l compos ition of 
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di ffercnt antigenic fract i ons and their stimulatory activity. ,hus 
the glycoprotci n fraction induced transfo rma tion similar to that 
associated with whole cell s of C. albicans while glucornannan was 
inactive . 
The stimulatory effect of culture filtrate is cons i dered 
to be due to th e pr ese nce of on e or more antigens which are potent 
e 1 i c itors o f ly mphocyte s timulation. Although par ti cl es such as 
r ibo~o111cs and membrane fragme nts may be present in the culture 
filtrate, it is nevertheless likely that the critical quality 1s 
chemical rather than physical. The fact that culture filtrate is 
a product of secretion and excretion of 1 i vi ng organisms makes it 
a more suitable lymphocyte stimulant. This metabolic product may 
be similar to the one produced in~ as the growing organism 
encounters the host tissue. 
The comparative inferiority of the non-viable heat killed 
org nism to s imulate in high dilution is pres1111ed to be due to 
th e l arge size of t he particle which would make its ~recessing by 
th e macrophages difficult. However it is possi bl e that intact 
llol ·1 1 l ac 
5 
mo l ecu l ar cor1p l e i ty and does not have enough 
d th 
ee l 1 surfac or p rhaps the 
anti geni c detenn i na nts expos on 
s ti mulati ng ant ige n i s modifi ed by heat. 
De r es i nsl: i .£.! ,tl· ( 1977) stu dying the lymphocyte transforma-
ti on of di ffcrcnt a nt i ge,,i c preparations of Coccidioides immitis 
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o sp e ru cs and suggested that founcl th a l cnclos pore to be superior t h 1 
tliis super iority mJy be due to (a) endospore possessing a different 
and more potent antigen , (b) having more antigen per unit area or 
( c) liilv i ng anti ge n wh i c.h is more readily processed or otherwise 
availcble for contact with the appropriate lymphocyte receptors. 
They stJte d that the spherules were too large to be phagocytized 
while the endospures were readily ingested by monocytes in culture. 
Mechanisms of immunity to candidiasis in experimental animals 
,,ire sti ~ 1 ti1e sul.Jjcct of investigati on. The role of cell mediated 
irnnunity in resistanc.e to infection is a matter of dispute and 
contradictory vi ews have heen expressed in the literature. Hurd 
and Dra ke (1953) and Winner (1956) reported failure of immunization 
to protect rabbits against a subsequent challenge dose. in contrast 
Hasenclever (1 963 ), Dobias (1964), Mourad and Friedman (1961, 1968) 
reported some protect ion in mice as a result of active irrrnunization. 
Al-Doory (1970) found an immune factor in the serum of moribund 
baboons infected with ~~ but this was not found in the 
serum of infecte d rabbits. Sa lvin ~ .£..1. . (1955) considered the 
thymu s to be an important media tor of resistance to experimental 
candidia s i s in mice. Cutler (1976) and Rogers ~~-· (1976) 
however reported that nude ( thymic-d 0 ficiPnt) mi cc were more resistant 
to experimental infec tions, a phenomenon they as cribed to better, 
innate>, non-specific defence mechanisms. Miyake et 2-.}_ . (1977) 
concluded th at protection against candidiasis depends on a condition 
of non-i ninune phagocytosi s and T cell-mediated immunity, and that 
antiboJy was not the princip,,1 effector mechanism in eliminating 
C lhl
·s contrasts with the opinion expressed by Pearsall 
~ lli~• 
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et al. ( 1978) that ce ll me diated i mmunity is not of primary importance 
iri mur ine car.didiasi s an d that humoral immunity contributes to 
prntec ti on . 
Some of the reasons for such conflicting results are that the 
investigators have used different antigenic preparations of Candida 
fo1· in111unizat ion and different species of animals as hosts. The 
f ac t that different fungal antigens produce different responses in 
different hosts make it diff icult to obtain a reproducible result 
or to make va 1 id c:ompari sons of the reports frc111 different invest i ga-
tors. Candida a lbicans is a complex organism with numerous anti-
geni c components . Its encounte r with the host can produce a 
multitude of antigen and antibody interaction. Treatment of the 
organism chem ically or physically by heat or disruption could 
readily a 1 ter or e 1; mi na te some of the antigenic components. Such 
mod ified antigens could be expected to produce a response which 
would differ from the one produced by living organisms. 
Axelsen (1971) showed that antigens of C. albicans treated 
in different ways produced different numbers of antibodies in hyper-
; n1nun i zed rubbit anti serum as determined by cross-electrophoresis. 
lie showed th il t Candida kill ed and partly disintegrated in 2% phenol 
produced 46 precipitates while homogenised antigen produced 68 
prc c ipi t a t es . 
In this study different antigens prepared from C. albicans 
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ex 1n the series was protective antigen in the system adopted. N t · 
mannan on latex . The protective quality of this antigen and the 
i nrnun i ty it conferred is at tri bu ted to the fact that it was 
recognized and became engulfed by macrophages. Perhaps the 
qudntity .::csorbed onto latex (viz. 25\ of the total mannan present 
in the solub le preparation) could have been a more appropriate 
concentration for the elicitation of immune responses. The heat 
killed blastosporcs did not confer any resistance at all. 
In tht past , mos t in~·estigators have used whole cells of 
Can dida in the yeast phase , killed either by heat or chemical treat;-
ment. The criterion for acquire'1 immunity has usua 1 ly been the 
leve l of demonstrable agglutinin titres . Agglutinins are produced 
in response to antigen present in the outer cell wall of the 
organis rn . Frisk (1977) reported that Candida cells have a limited 
assortmen t of surface antigens and that mannan-protein determinants 
do ioii nate . Antibodies to surface antigens can be produced even 
after a mode rate fungal growth. ~Jinne r (1955) questioned the 
value of agglutinins because of their equal prevalence and titre 
in l".ealt liy ;ind infected lndi'Jiduals. Their presence rr,erely shows 
an experience with ~da antigens and this could be obtained 
from the organism 1n its commensal state , not as the result of an 
invasive process. Hellwe,;e !_!.tl· (1972) found that agglutin ting 
antibodi es resulting from si ~p le Candida colonization are mainly 
Igm whereas infections causing a rise in agglutinin titres induce 
predomina ntly !gG a ntibodies. On tr,£: basis of the data pr" se.,ted. 
it is possible ttiat .1i:iglutinins producr:d by whole cells re 
tnwdrds the blastospore phase of the 
protective antigen in the system adopted . Next in the series was 
m,rnnan 011 l atex . The protective quality of this ant igen and the 
immunity it conferred is attributed to the fact that it was 
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recog111 zed and became engulfed by macrophages. Perhaps the 
qu dntity i!dso rbed onto latex (viz. 25% of the total mannan pre sen t 
in the soluble preparat ion) could have been a more appropriate 
con centration for the elicitation of immune responses. The heat 
killed bl astosporcs did not confer any resistance at all. 
In th~ past, most investigator s have used whole cells of 
Can dida in the yec1st ph~se, killed either by heat or chemical treat-
ment. Th e criterion for acqui re<l immunity has usually been the 
level of demonstrable agglutinin titres. Agglutinins are produced 
in res ponse to antigen present in the outer cell wall of the 
or ga nism. Frisk (1977) reported that Candida cells have a limited 
assortment of surface antigens and that mannan-protein determinants 
do,ni na te. An ti bodies to surface anti gens can be produced even 
after a moderate fungal growth. vlinner (1955) questioned the 
value of agg lutinins because of their equal prevalence and titre 
in ~e.:ilt hy ;ind infected in dividual s . Their presence m'!rely sho~,s 
an expe ri ence wtth Candida antigens and this could be obtained 
from the organism in its comme nsa l state , not as the resu lt of an 
invasive pro cess . He ll wege ~~- (1972) found that agglutinating 
antibodi es r es ulting from simp l e Candida co l on ization are ma i nly 
lgm whereas infections causing a r ise in agglutinin titres i nduce 
predominant ly !gG antibodi s . On the ba sis of the data presented, 
it i s possible that ,1!)glutinins prod1Jc e: d by who le ce ll s arc directed 
towards the bl astospore phase of h~ 
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organ1 s111 , by its ability to metamorphose organism while the invad 1· ng · 
to the mycelia l phase , could evade the immune response to blasto-
spon:is. Chattaway ~ ~-- (1968, 1976) found that yeast and mycelial 
phases differed chemi ca lly as well as physically. There was a 
difference in am ino ac id composition of proteins with presence of 
histidine but no arg inine in the blastospore fraction and the reverse 
of this distribution in the myceli a l fraction. The myceiial phase 
ha d 3 times more chitin with a cell wall approximately half as 
thick as the blastospore wall. 
Denning and Davies (1973) determining the chemotax.is of poly-
mor;:ihonucl ear leukocytes (PMN) by mannan found that ~uspensions 
of blastospores attracted significantly larger numbers of PMN than 
did a mycelial suspension (a ratio of 5:3) of similar weight or 
opacity. Reduced chemotactic activity is related to greater viru-
lence (Cutler, 1977). Evans ~~- (1973) found qualitative 
differences in anti bodies produced by anti gens from the two phases 
of r. . albicans as determined by 2-dimensional immunoelectrophoresis 
(2D-lE) and double diffusion. Syverson et~.!.- (1975) using 20-lE 
f c und that the soluble cytopl asmic eKtract from both growth phases 
of ~lea ns had at least 6 distinct antigenic constituents in 
addition to those which were shared. 
Theoretic a lly it is possible that vihen an animal is immunized 
with hea t killed organism, the agglutinins are directed towards 
the modified sur ce antige n of the yeast phase. Although some yeasts 
r subsequ nt ly bro n dow n and degraded in the body, exposing th 
inner antigens , this process cou ld occur too late and the host' s 
· t t cell~ are pr1' n1cd and con1nitted to the surface antigen. 
1mmunocompe en 
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However, such agglutinins may not be ab le to cope with antigens 
associated with the invading organism. This is considered to be 
the cas e in the present studies. Although mice vaccinated with 
heat ki lled cel l s produced higher t itres of agglutinin than were 
e l icited by other antigens they were not able to alter the cour~e 
of loca l and systemic infections. Thigh muscle lesions in immun-
ized mice ran the same course as in the control animals. Histo-
pathol ogy of ~he les ions showed the same type of cellular responses 
and the same duration of infection. The same end result viz 
lack of protection was noticed in systemic infections of all mice. 
Immuni zed ani ma ls died at the same rate as controls. 
Kashkin (1975) reported that ne~ted vaccine was less effec-
tive in inducing an invnunological response in rabbits than soluble 
extracts with high protein concentrations. Giger et~- (1978) 
found that cutaneous lesions with viable~- albicans conferred 
protection to mice while heat killed was less effective. La ck of 
effective,,ess of heat killed blastospores may be due to severa l 
causes, including: 
1. The protective antigen may be heat-labile. 
2. The protect ive ant igen may not be located on the outer 
cell wall , 
3. The protect ive antigen may become active only when the 
live parasite encounters the host. 
4. The heat killed antigen may produce non-specific and 
pathogeni ca lly irrelevant antibodies. 
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If agglutinins have no protec tive qualities they may eventually 
hinde r the inunune system by binding 1·1ith the organ isms without 
elimin.:it ing them , by protecting them from µhagocytosis and by 
bloc.king the proper 3ntigenic stimul at ion . Windhorst and Stoltzner 
(1 975) s~g ges ted that a situation could ex ist in candidiasis where 
the incli·,idua l lacks the capacity to respond to an antigen of 
Candida ,~h id1 is of prime importance in pathogenesis . Such an 
indivi dua1 cou ld overcompensate and in doing so fail to control 
the in fection by making non-significa nt antibody. Suppression of 
ce ll mediated i n:mu11ity and high agglutinin titres has been reported 
in cases of r.iucc,ct.;taneous candidiasis by Takeya ~ !.!_. ( 1976 ) . 
Matsumoto (1976) repo rted 6 cases of chronic mucocutaneous having 
a dissocia tion of humoral and cellular response with high titre of 
agglutinating antibodies and impaired delayed hypersensitivity (DH ) 
to Candid~ and PPO antigens. Surpression and CMI and increased 
antibodi es ha s been reported in other chronic diseases caused by 
bacteria and parasites (Turk, 1975). Inverse relationship between 
DH and hu,\Ora l response has been reported in l epromatous leprosy with 
an increase of the antibody respo11se (Axehentlll·• 1974a). 
The possibility that protective antigen may be hidden in the 
inner eel 1 wa 11 1 ayers may be suggested by the finding that CA0-6 
antig an gave the highest degr e of protection in challenged mice. 
CAD-6 antigen is not hea ed or purif1 d. However, it is homogenized, 
making all the antigenic components avail able to the host's immune 
system . It would be of interest to determine if the homogenate of 
the mycclial phase of the org ni !.m when added to the homogenate of 
the yeast phase would improve its protective value. 
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" ivrng ~dida cells confei·red 1n the thigh lesion experim"nt 1 · . C 
more protection to mi ce than kill ed organi sms as mea~ured by dura-
tion of infection and the mo r phol og1·ca l state of the parasite in 
tlw t1 os t tissue. Mi ce in fec t ed and se lf healed on three occasions 
devPlop e d demonstrable l oca l r es 1·stance . Th us on the 5th day after 
cha11 c nge the infec ti on in i mmuni zed mi ce was aborted while in 
t he control it 1-1as st il 1 prog r es sing. The histopathology of the 
l esion showed that the fu ngus was in the yeast phase in the immunized 
ani mals with the myce li um form predominating in the controls. 
According to Blyth (1958) funga l morphology may be an indicator of 
the effi cacy o f l o ca l defense mechanism. Where filamentous forms 
occur, host r espon5e to colonization of fungi is minimal, whereas 
when the yeast form is dominant the host response is successfully 
curtailing tissue colonization by the pathogens. 
The spleens of the animals immunized and then given multiple 
infections 1"1ere enlarged compa red to the controls. Histopathology 
of the spleen showed hype rplasia with prominence of numerous large 
mononucleated cells which were considered to be macrophages. As 
to the rol e of macrophages in Ca11dida infection , Stanl ey and Hurley 
(1969) sho,,e d that although normal peritont!al r,1acrophages of mice 
actively phagocytized Candida the organism readily grew ir~racell-
ulnrly. They suggeste d that such cells might contribute to exten-
sion a nd di ssemination of inf ction by ac t ing as vectors. Bird 
and She agren (1 970) fo und that mice infected with C. albicans 
exhibited enh anced phagocy osis as measured by the clearance of 
colloidal carbon from the blood str am. Production of accelerated 
carbon clearance r equired living organ i sms. Salvin and Cheng (1971) 
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found that macrophages from guinea pigs sensitized to c. albicans 
11ere more destruct i vc th an those from the norma l anima l and that 
this resulted in a more limited spread of infection throughout the 
ti ss upc; , thereby render ing the host more resistant. Winner ( 1972) 
studyin9 the phagocytos is of C. albicans by mouse peritoneal 
1m1croph;i9es found no diffe r e nce betl'leen macrophages of normal 
and immunized animals . After one hour a large proportion of the 
yeast cel l s were inside the ma crophages; after 2 hours most of the 
fun gi had produce d germ tubes and after 4 hours n~celial filaments 
were formed. However he found a difference when macrophages from 
infected mice were used instead of normal or irrmu nized animals. 
Infection had in creased the capacity of macrophages to retain 
Candida int race llularly and this prevented dissemination of the 
organism throughout the body of the host. He associ ated th is 
activati on of macrophages to the development of delayed hyper-
sensiti vity . 
Some mir.roorganisms such as ~~obacter ium and~~ are 
not killed by normal macrophages though they can be digeste d by 
acL i vate d ones. Activated macrophages with highly microbial pro-
perti es contribu te largely and sometimes exclusively to the mechanism 
of host resistance (t-lackaness, 1969) . 
Lack of an effec tiv e protection conferred by live Candida 
in sy stemic infec tion of mice in th pr sent studies was attributed 
to the f ac t that the animals had not recovered from their local 
infection, nor had they de veloped a protec tive level of acquired 
immunity . It was ob served t hat it takes one montn for ani n 1 s to 
recove r from a locul l esion. Tt-ese nim ls had been given live 
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orga ni sms a t t he inocu l ation sites an d th e cha ll enge inocu lum possibly 
const i tuted an overload. A bette r pro t ecti on mig ht have been 
ob se rved if the pe r iod be tween seque nti al s ub-l e thal in fec tions 
had been pro l onged . 
Another f actor which i s important in response to an antigen 
i s the nature of the host . It appea rs that mice are more suitabl e 
hosts for induction of acq uired immunity than rabbits. Guinea pigs 
are i nnate l y more resistant to Cand i da infections. Winne r (1960) 
s t a t ed that the apparent th res hol d dos e for f atal infection in 
guinea pi gs is 80 , 000 orga nisms pe, gm body weight compared with 
that of 20 , 000 pe r gm for mice and 2,000 per gm for rabbits. 
Host responses differ among individuals of the same species. 
Axelsen ~.£.l- (1974b) studying the host response of 15 patients 
with chronic mucocutar.eous candidiasis to 78 known antigenic 
components of C. albicans found a variation in the number of anti-
bodies pres ent ranging from 2 to 39 per serum. All patients had 
antibodies to antigen 78 , a mannan-protein complex. Antibody 
prof iles appeared to be primarily related to the patient's inherent 
ab il ity t o develop humora l immune r es pons es rather than the nature 
of the test ant igen. 
In the present work, precipitin t es ts on sera of the mice 
s urv i ving systemi c infect i on did not show any precipitins to soluble 
mannan. Demonst rabl e antibodi es we re direct ed extensively towards 
prote in antige ns . Lack of r es pons iveness to soluble polysac charides 
of di ffe re nt mi croorgan isms have been r eported in white mice . 
Fe l ton (19 49 ), Fe lton et~-· ( 1955 ) and Kapl un ~ ~_ . (1 950) reported that 
type II an d III pneumococca l polysucchar idcs i njected to white mice 
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pe rsisted in the ti ssues and did not appear to be metabolized there. 
As the resu lt of rcrsistence of antigen in the body there 1•1as either 
an interference with antibody production or the newly formed anti-
body ;,as con tinuously neutralized. Kozel et~- (1977) reported 
the un:-r>spor.siveness of mice to cryptococcal polysaccharide with 
reduced abi li ty to produce antibody. Irnmunofluorescent studies 
showed a long term depositi on of polysaccharide in the tubular 
epithe li a l cells of the kidneys. 
Math€W3 ilnd Inrnan (1968 ) reported that the nature of anti-
body globulins produced by rabbits immunized with heat-killed 
Candida 1-1as mostly directed against mannan. In man, precipitins 
to both mannan and protein are reported in healthy and diseased 
subjects. Humoral responses to such a complex organism could be 
pathogenic, non-specific, interfering and sometimes protective 
depending on the nature and the dose of the antigen and immunolog-
ical competence of the host. Soluble mannan diffusing out of 
the organism when it comes into contact with mucous membrane 
could act as an allergen in some individuals causing manifestations 
of vaginitis, pruritis ani, chroni c urticaria and asthma (Holti, 
1966; Pepys et~-·• 1968 and Stanley and Hurley, 1974). Precipitins 
to mannan have been demonstrated in such allergic cases. Coloniza-
tion c,f Candida on a host as a commensal or the use of a whole eel l 
vaccine in experimental animals produce agglutinins which are 
directed to the 0uter ce ll wall. They are not protective and 
have little diagnostic value. Although their quantities may serve 
as an index of antigen load they cannot correlate with degree of 
invasion of the host ti ssues. Protective antibodies are produced 
in the host as a result of active participation of host and 
parasite as a result of loca li zed lesions or systemic invasion. 
Such a protective antigen has not yet been identified. It could 
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be in the inner ce ll wall which becomes exposed only after degrada-
tion or it co uld be a metabo lite of living organisms whose activity 
is enhanced when in contact with host tissue. It cannot be a 
puri fied , soluble single protein o~ polysaccharide antigen since 
such preparations neither stimulated lymphocytes '!_!I_ vitro nor 
protected the inij11unized animals in, ~ in the present studies. 
It is perh aps more li ke ly to consist of a complex containing a 
larger proportion of protein moiety and traces of polysaccharide. 
Culture filtrate might theoretically act as a protective antigen 
except that the mannan content would generally be too high. 
Perhaps culture filtrate of the mycelial phase would be rather 
different. It would be difficult to identify the protective 
antigen although one indirect approach 1~hich might be helpful is 
its recognition by antibody production. 
It would be of some help in establishing the identity of 
protective ~ntigens if the surface mannan of the live Candida 
could be removed without altering or destroying the remaining 
antigen complex. Production of antibody to the homogenate of this 
preparation might give a clue to the hidden antigen. 
Another po ten ti ally valuable study would be to compare 
the antibodies produced hy heat-killed blastospores of C. albican~ 
and thos produced in anim l s surviving cha llen9e with live 
organisms. 
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In the light of present knov1ledge resista nce against 
Ll_lb_!c~ depends upon both cellular and hu~1oral factors. 
refl ec ting the immune c.apacity of the host. Innate and acquired 
re s i stance bl end in overa ll protection. All the i nmune mechanisms 
a r e i ndi spensub l e fo:- protecting the host from this opportunistic 
fun gi. Ea ch mech anism has a role and the entire immune system 
may ha ve to work in concert. 
The contribution made by CMI is likely to be the recognition 
of the antigen by the sensitized lympho~ytes at the site of entry, 
aborting an infection through production of 1ymphokines. Pearsall 
et~- (1973) reported that mo use lymphocytes stimuiated with 
PHA produced ly mphokines which were toxic to Saccharomyces 
cerevi siae and Candida albicans. Rocklin (1974) described a 
soluble product, following stimulation of lymphocytes with specific 
antigen, called LIF (leukocyte inhibitory factor) 1~hich was distinct 
from MIF. He suggested that U1is product could produce a link 
between the lymphocytes and the inflammatory process. T cells 
also contribute indirectly by cooperating with B cells in production 
of certain types of antibodies. 
Macrophages have an important role linking innate and acquired 
in111une mechanisms. They inyest the particulate antigens and assist 
in its subs equent processing and presentati on to T cells. They 
can e limin ate microorgani s ms when activated. They also fun ction 
in humoral reactions. Antibody- coated microorganisms encourage 
phagocytosis by macrophages and polymorphonuclear l eukocytes in 
conjunction with complen ! nt. Antibody has been demonstrated on 
engulfed blastospores of C. albicans by leukocytes ( Ishikawa rt~-· 1972) . 
ln th e light of present knowledge resistance against 
~1~~~ depends upon both cellular and hur.10ral factors, 
refl ect i ng t he i mmun e capacity of the host. Innate and acquired 
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r csi stJnce blend in overall protection. All the inmune mechanisms 
a1·e indi spe ns.ib l e for protecting the host from this opportunistic 
fun gi. Each mec hanism has a role and the entire immune system 
may have to wo r k in concert. 
The con tri but ion made by CMI is likely to be the recognition 
of the antigen by the sensitized lymphocytes at the site of entry, 
aborting an infection through production of 1ymphokines. Pearsall 
~~- (1973) reported that mouse lymphocytes sti~1ul3ted with 
PHA produce d ly mph o kines which were toxic to Saccharomyces 
cerevisiae and Candida albicans. Roc~.lin (1974) described a 
soluble product, fol lowing stimulation of lymphocytes with specific 
antigen , called LIF (leukocyte inhibitory factor) l'lhich was distinct 
fro111 MIF. He suggested that this product could produce a link 
between the lymphocytes and the inflammatory process. T cells 
also contribute indi rec tly by coopera ting with B cells in produc ti on 
of certain types of antibodies. 
Macro ph ages have an important role linking innate and acquired 
irrrnune mechanisms. They inycst the particulate antigens and assis t 
in its subsequent processing and presentation to T cells. They 
can eliminl'te microorga ni s ms when acti vated. They also function 
in humoral reactions. Antibody-coated microorganisms encourage 
phago cy tos i s by macrophages and po lyrnorphonuc 1 ear leukocytes in 
conjunction with complen ~nt. Antibody has been demonstrated on 
engulfed bl as tosrorcs of c. a lhi ca ns by leukocytes (Ishikawa ~tl· 1972 ). 
It has been suggested that salivary IgA antibody may limit the 
in foction of the mucosa by C. 11lbicans (Lehner et 2]_. 1972). The 
conlribution of protective antibody would be gr(;?atest when the 
in fection becomes systemic. 
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Alth ough much 1·1ork has been done on the relationships betl~een 
~bicans and its host, the individual components of the immune 
sy stem, their relationships to susceptibility and acquired resistance, 
and thei r integration with non-specif ic defence mechanisms remain 
largely unsolved. It is unlikely that either susceptibility or 
resi stance will be linked to single factors or mechanisms of the 
i111,,iune r es ponse. Much additional critical investigation will be 
necessary before a clearer picture emerges of the interrelation-
ships between this most ubiquitous of yeasts in man•~ internal 
environmen t, and the factors responsible for altering host-parasite 
relationships to man's disadvantage. 
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